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D>spnea  Ratings  for  Prescribing  Exercise 
Intensity    in     Patients     with    COPD— MB 

Horowitz.  B  Littenberg.  DA  Mahler.  Chest  1996; 
I09(5):1169-1175. 

OBJECTIVE:  We  tested  the  hypothesis  that 
patients  with  COPD  can  use  dyspnea  ratings 
obtained  from  a  prior  graded  exercise  test  as  a  tar- 
get to  reliably  produce  specific  exercise  intensities. 
DESIGN:  Four  visits  over  a  7-week  periixl.  SET- 
TING: Pulmonary  function  and  cardiorespiratory 
exercise  laboratory  at  a  university  hospital. 
PATIENTS:  Fifteen  symptomatic  patients  with 
stable  COPD.  Age  was  68  +  7  (mean  ±  SD)  years. 
FEVi  was  1.12  ±  0.22  L  (45  ±  8%  predicted). 
INTERVENTIONS:  At  each  visit,  patients  esti- 
mated the  heaviness  of  weights  to  evaluate  their 
magnitude  estimation  of  a  nonrespiratory  task; 
after  pulmonary  function  testing  was  completed, 
patients  were  tested  on  the  cycle  ergometer.  At 
estimation  trial  1  (day  0).  patients  estimated  the 
intensity  of  dyspnea  using  the  0  to  10  category- 
ratio  scale  during  an  incremental  exercise  test.  Esti- 
mation trial  2  (day  5  to  7 )  was  the  s,Tme  as  the  pre- 
vious trial.  At  production  trials  I  (day  10  to  14) 
and  2  (day  40  to  -14).  patients  were  instructed  to 
produce  specific  intensities  of  dyspnea  (ie.  dys- 
pnea targets)  at  509f  and  at  anaerobic  threshold 
(AT)  or  80%  of  peak  oxygen  consumption  (Vo,) 
as  calculated  from  results  at  estimation  trial  2. 
MEASUREMENTS  &  RESULTS:  Lung  func- 
tion was  stable  at  all  visits.  Dyspnea  ratings  were 
1 .8  ±  0.9  (range.  1  to  3)  at  50%  of  peak  Vo.,  and 
5.5  +  1 .5  (range.  4  to  8)  at  AT/807r  of  peak  Vq, 
(17.0±3.4mL/kg/min)atestim,ition  trial  2.  The 
individual  percent  changes  in  V'o.  at  the  lower  dys- 
pnea target  were  12  ±  19%  and  1 1  ±  19%  for  pro- 
duction trials  1  and  2.  respectively.  conip;ired  with 
estimation  trial  2.  At  the  higher  dyspnea  target, 
the  corresponding  individual  percent  changes  in 
Vo:  were  -4  ±  9%  and  -7  ±  11%.  respectively. 
For  all  15  patients,  there  were  borderline  statis- 


tical differences  for  the  Vo.  values  at  the  lower 
(p  =  0.(M  and  p  =  0.07 )  and  at  the  higher  (p  =  0.04 
for  each  production  trial)  dyspnea  targets  for  pro- 
duction trials  1  and  2  compared  with  estimation 
trial  2.  Two  patients  showed  50%  or  greater  vari- 
ability in  the  calculated  exponent  for  magnitude 
estimation  of  weights.  In  a  subgroup  analysis  of 
the  1 3  patients  with  reproducible  magnitude  esti- 
mation of  the  heaviness  of  weights,  there  were 
no  significant  differences  in  Vq;  for  the  2  pro- 
duction trials  compared  with  estimation  trial  2  at 
both  exercise  intensities.  CONCLUSIONS:  Dys- 
pnea ratings  obtained  from  an  incremental  exer- 
cise.test  can  be  used  as  a  target  for  patients  with 
COPD  to  regulate/monitor  the  intensity  of  exer- 
cise training.  The  ability  of  patients  with  COPD 
to  achieve  a  desired  Vo;  based  on  an  individual 
dyspnea  target  was  generally  more  accurate  at  the 
higher  exercise  level  (AT/80%  of  peak  Vq;)  com- 
p;ired  with  the  lower  intensity  (50%  of  peak  VoO. 
Acceptable  accuracy  was  maintained  over  a 
5-week  time  period. 

Kcnnnmic  Cost  of  Home-Based  Care  for  Ven- 
tilator-Assisted Individuals:  .\  Preliminary 
Report — MA  Sevick.  MS  Kanilel.  LA  Hofiman. 
1  Rawson.  Chest  1996;109(6):1597-I6()6. 

OBJECTIVE:  To  measure  the  direct  and  indirect 
costs  of  maintaining  a  ventilator-assisted  individual 
(VAI)  at  home.  DESIGN:  A  cross-sectional  sur- 
vey was  conducted  of  primary  family  caregivers 
of  VAIs  residing  in  37  states.  SETTING:  Surveys 
were  delivered  to  the  homes  of  V.Ms.  PARTIC- 
IP.'XNTS:  Two  hundred  seventy-seven  ( 19.7% )  of 
1 .404  primary  family  caregivers  of  patients  who 
were  ventilator-dependent  and  who  were  living 
al  home.  INTERVENTIONS:  None.  MEASURES: 
Piirticipants  received  the  mixlified  Kat?  Index  and 
an  investigator-developed  Home  Ventilator  Care 
Cost  and  Utilization  Survey  (HVCCUS). 
RESULTS:  Total  cost  of  care  was  determined  bv 


summing  total  direct  medicil  and  nonmedical  costs 
of  home  care  and  lost  wages.  Using  LPN  rates  for 
private  duty  care,  the  average  total  cost  of  care  was 
estimated  to  be  $7,642  per  month  (median  = 
$5,406).  Using  RN  rates  for  private  duty  care,  the 
average  total  cost  of  home  care  was  estimated  to 
be  $8,596  per  month  (median  =  $5.91 1 ).  Varia- 
tion with  VAI  chiiracteristics  is  discussed.  CON- 
CLUSIONS: Home  care  of  VAIs  is  a  labor-inten- 
sive and  an  economically  costly  undert;iking.  The 
development  of  policies  and  programs  to  support 
home  placement  requires  additional  investigation 
regarding  factors  affecting  the  cost-effectiveness 
of  viirious  placement  settings,  as  well  as  the  abil- 
ity and/or  willingness  of  family  members  to  accept 
the  cost  and  responsibility  i>f  home  care. 

A  Crossover  Stud>  Comparing  the  Efficacy  of 
Continuous  Positi\e  .\ir\>a\  Pressure  «ith 
.Anterior  Mandibular  Positioning  Devices  on 
Patients  with  Obstructive  Sleep  Apnea — GT 

Clark.  I  Blumenfeld.  N  Yoffe.  E  Peled.  P  Lavie. 
Chest  1996: 109(6):  1477-1483. 

OBJECTIVE:  This  study  compared  the  efficacy 
of  a  removable  anterior  mandibular  positioning 
(AMP)  device  to  continuous  positive  airway  pres- 
sure (CPAP)  in  patients  with  obstructive  sleep 
apnea  (OSA)  using  a  fully  balanced  crossover 
design.  DESIGN:  Twenty-three  male  subjects  with 
confirmed  OSA  were  recruited  from  the  Technion 
Sleep  Laboratory  in  Haifa.  Israel,  from  February 
IS.  1991  to  December  17.  1992.  Twenty-one  of 
the  23  subjects  enrolled  completed  all  aspects  of 
the  study.  RESULTS:  The  mean  apnea-hypop- 
nea  index  (Alll)  before  treatment  was  33.86  ± 
14.30.  The  mean  AHI  decreased  with  CPAP  to 
59.50% .  but  decreased  only  38.9 1  %  with  the  AMP 
device.  The  lowest  mean  recorded  oxygen  satu- 
ration level  for  the  2 1  subjects  was  84.30  before 
treatment.  91.10  after  CPAP  treatment,  and  90.20 
after  .'\MP  treatment.  Sleep  data  revealed  a  sig- 
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nificunt  decrease  in  stage  I  and  2  (p  =  0.0088)  and 
an  increase  in  rapid  eye  movement  percent  (p  = 
0.(X)66)  for  both  treatments  when  coinpared  with 
baseline.  Three-  to  10-month  post-treatment  phone 
interviews  showed  that  1  subject  was  not  using 
either  device.  1  subject  was  using  CPAP.  and  2 
subjects  were  using  the  AMP  device  intermittently 
due  to  occasional  teniporoTnandibular  joint  pain 
symptoms.  The  remaining  17  subjects  were  all 
using  the  AMP  device  nightly.  The  symptoms  of 
excessive  daytime  sleepiness  also  decreased  sig- 
nificantly by  both  AMP  and  CPAP.  CONCLU- 
SIONS: The  AMP  device  achieved  substantial  suc- 
cess in  most  cases,  but  was  less  effective  than 
CPAP.  especially  for  the  more  severe  cases.  In 
general,  the  AMP  device  was  strongly  preferred 
over  the  CPAP  by  the  subjects  of  this  study. 

Pathologic  Changes  of  the  Trachea  after  Per- 
cutaneous Dilatational  Tracheotomy — LWE 
van  Heum,  PHMH  Theunissen.  G  Ramsay.  PRG 
Brink.  Chest  19%;1(»|6):1466-1469. 

The  tracheas  of  1 2  patients  who  had  undergone 
autopsies  after  percutaneous  dilatational  tra- 
cheotomy (PDT)  were  analyzed  macroscopically 
and  microscopically.  The  puncture  site  of  the  tra- 
chea varied  from  just  below  the  cricoid  cartilage 
(2  patients)  to  below  the  third  ring  (3  patients). 
A  fracture  of  one  or  more  tracheal  rings  was  pre- 
sent in  1 1  patients,  of  whom  2  had  a  fractured 
cricoid.  Destruction  of  one  or  more  ffacheal  rings 
was  present  in  all  8  patients  cannulated  for  more 
than  10  days  and  was  related  to  duration  of  can- 
nulation  (p  <  0.(X)5).  Protnision  of  the  anterior  wall 
into  the  tracheal  lumen  with  tracheal  stenosis  was 
seen  in  2  patients.  Improvements  to  the  PDT  tech- 
nique are  discussed  to  avoid  complications. 

Self-Reported  I'se  of  CPAP  and  Benefits  of 
CPAP  Therapy :  A  Patient  Sur\ey— HM  Engle 
man,  N  Asgari-Jirhandch.  AL  McLeod.  CF  Ram- 
say, IJ  Deary,  NJ  Douglas.  Chest  19%;109(6): 
1470-1476. 

The  benefits  of  continuous  positive  airway  pres- 
sure (CPAP)  therapy  in  patients  with  the  sleep 
apnea/hypopnea  syndrome  (SAHS)  are  poorly  doc- 
umented and  patients  use  CPAP  less  than  physi- 
cians recommend.  To  establish  patients'  per- 
ceptions of  benefit  from  CPAP  and  to  identify 
detenminants  of  CPAP  use.  204  CPAP  users  com- 
pleted a  questionnaire  relating  to  use  of  CPAP  ther- 
apy, sleepiness,  and  road  traffic  incident  rate  before 
and  after  CP.^P,  perceived  change  in  davtinie  func- 
tion and  nocturnal  symptoms  witii  ffeatment,  and 
problems  with  CPAP.  Variables  from  these 
domains  of  interest  were  examined,  reduced 
through  principal  components  analysis  and  cor- 
related to  assess  associations  between  these  and 
polysomnographic  measures  of  illness  severity. 
Self-reported  CPAP  use  averaged  ."i.S  ±  SD  2  hours 
a  night.  Subjective  sleepiness  rated  by  the  Epworth 
sleepiness  scale  and  road  traffic  incident  rate  were 


significantly  reduced  by  CPAP  (p  <  0.0001 ).  A 
broad  range  of  function  and  symptom  items  were 
highly  significantly  improved  with  CPAP  (p  < 
0.0001 ),  corroborating  the  cost  to  community  and 
industry  from  S.AHS  and  the  preventive  value  of 
CPAP.  Road  traffic  incident  rate  before  treatment 
was  correlated  with  pre-CPAP  sleepiness  and 
SAHS  severity.  Subjective  CPAP  use  correlated 
with  sleepiness  before  treatment  but  not  with 
SAHS  severity.  CPAP  mask  problems  and  side 
effects  were  not  associated  with  reduced  CPAP 
use.  hut  "nuisance"  complaints  of  awakenings, 
noise,  and  sore  eyes  from  CPAP  correlated  neg- 
atively with  reported  use.  Greater  reported  CPAP 
use  was  associated  w  ith  better  resolution  of  sleepi- 
ness and  greater  improvement  in  daytime  func- 
tion and  noclunial  symptoms.  See  the  relmeil  edi- 
torial: OSA  and  Cardiovascular  Morbidity:  Wdl 
CPAP  Prove  To  Be  Effective?— CW  Zwillieh. 
Chest  1996:109(6)1416-1417. 

A  Randomized  Cros.sover  Study  of  an  Oral 
Appliance  versus  Nasal-Continuous  Positive 
Airway  Pressure  in  the  Treatment  of  Mild- 
Moderate  Obstructive  Sleep  .\pnea — KA  Fer- 
guson, T  Ono,  AA  Lowe,  SP  Keenan,  JA  Fleet- 
ham.  Chest  1996;109(.';):  1269-1275. 

OBJECTIVE;  To  compare  efficacy,  side  effects, 
patient  compliance,  and  preference  between  oral 
appliance  (OAl  tiierapy  and  nasal-continuous  pos- 
itive airway  pressure  (N-CPAP)  therapy.  DESIGN; 
Randomized,  prospective,  crossover  study.  SET- 
TING; University  hospital  and  tertiary  sleep  refer- 
ral center.  PATIENTS;  Twenty-seven  unselccled 
patients  with  mild-moderate  obstructive  sleep 
apnea  (OSA).  INTERVENTIONS;  There  was  a 
2-week  wash-in  and  a  2-week  wash-out  period, 
and  2  x  4-month  treatment  periods  (OA  and 
N-CPAP).  Efficacy,  side  effects,  compliance,  and 
preference  were  evaluated  by  a  questionnaire  and 
home  sleep  monitoring.  MEASUREMENTS  & 
RESULTS;  Two  patients  dropped  out  early  in  the 
study  and  treatment  results  are  presented  on  the 
remaining  25  patients.  Tlie  apnea/hypopnea  index 


was  lower  with  N-CPAP  (3.5  ±  1.6)  (mean  +  SD) 
than  with  the  OA  (9.7  ±  7.3)  {p  <  0.05).  Twelve 
of  the  25  patients  who  used  the  OA  (48%)  were 
treatment  successes  (reduction  of  apnea/hypop- 
nea to  <  10/hour  and  relief  of  symptoms).  6  (24%) 
were  compliance  failures  (unable  or  unwilling  to 
use  the  treatment),  and  7  (28% )  were  treatment 
failures  (failure  to  reduce  apnea/hypopnea  index 
to  <10/hour  and/or  failure  to  relieve  symptoms). 
Four  people  refused  to  use  N-CPAP  after  using 
the  OA.  Thirteen  of  the  2 1  patients  who  used 
N-CPAP  were  overall  n-eatment  successes  (62%), 
8  were  compliance  failures  (38%).  and  there  were 
no  treatiTient  failures.  Side  effects  were  more  com- 
mon and  the  patients  were  less  satisfied  with 
N-CPAP  (p  <  0.005).  Seven  patients  were  treat- 
ment successes  with  both  treatments.  6  of  these 
patients  preferred  OA,  and  one  preferred  N-CPAP 
as  a  long-term  treatment.  CONCLUSIONS;  We 
conclude  that  OA  is  an  effective  treatment  in  some 
patients  with  mild-moderate  OSA  and  is  associated 
with  fewer  side  effects  and  greater  patient  satis- 
faction than  N-CPAP. 

Evaluation  of  Heliox  in  Children  Hospitalized 
with  Acute  Severe  Asthma:  A  Randomized 
Cros.sover  Trial— ER  Carter.  CR  Webb.  DR 
Moffitt.  Chest  1996;1()9(5);12.56-1261. 

OBJECTIVE;  To  determine  whether  breathing 
a  blend  of  70%.  helium;30%  oxygen  (heliox) 
would  improve  pulmonary  function,  decrease  clin- 
ical score,  and  improve  the  sensation  of  dyspnea 
in  children  hospitalized  with  acute  severe  asthma. 
DESIGN;  Prospective,  randomized,  double-blind, 
crossover  study.  SETTING;  The  inpatient  pedi- 
atric service  of  a  military,  tertiary  care,  teaching 
hospital.  PATIENTS;  Children  5  to  18  years  who 
required  hospital  admission  for  U'eatment  of  acute 
asthma.  INTERVENTIONS;  All  patients  received 
5  mg  of  nebulized  albuterol  every  1  to  4  hours, 
with  a  dose  given  within  30  minutes  of  the  start 
of  the  study,  and  I.V.  administered  methylpred- 
nisolone.  Patients  breathed  heliox  and  a  30%'  oxy- 
gen-enriched air  mixture  for  15  minutes  each  in 
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random  order.  MEASUREMENTS  &  RESULTS: 
Clinical  score,  dyspnea  score,  oxygen  saturation, 
heart  rate,  and  respiratory  rate,  followed  by  FVC. 
FEVi.  peak  expiratory  flow  rate  (PEER I,  and, 
mean  midexpiralory  flow  rate  (EEE25-75)  were 
obtained  at  study  entry.  1 5  minutes  after  breath- 
ing the  first  gas  mixture  (heliox  or  air  per  ran- 
domization). \5  minutes  after  breathing  the  sec- 
ond mixture,  and  again  I  ."5  minutes  after  stopping 
the  second  gas  mixture  (study  end  values).  Eleven 
children  were  enrolled,  and  all  completed  the  study. 
There  were  no  significant  differences  between 
study  entry  and  study  end  spirometric  values. 
Using  the  paired  ;  test,  we  found  no  significant 
differences  between  mean  values  (SD)  of  FEVi 
and  EVC  obtained  while  breathing  heliox  versus 
air;  FEV|-heliox,  53%  (18%.)  of  the  predicted 
value;  FEVi-air,  52%  (16%)  of  the  predicted  value 
(p  =  0.36);  FVC-heliox,  69%  (22%)  of  the  pre- 
dicted value;  and  FVC-air,  70%  (21%)  of  the  pre- 
dicted value  (p  =  0.50).  The  differences  in  val- 
ues for  PEER  and  FEF25-75  while  breathing  heliox 
versus  air  were  small  but  did  reach  statistical  sig- 
nificance in  favor  of  heliox:  PEER-heliox.  56% 
(20%)  of  the  predicted  value;  PEFR-air,  50% 
(16%)  of  the  predicted  value  (p  =  0.04);  FEFis.75- 
heliox,  32%  (13%)  of  the  predicted  value;  and 


FEE25.75-heliox.  29%  ( 1 1  '/> )  of  the  predicted  value 
(p  =  0.006).  Heliox  had  no  effect  on  either  clin- 
ic;il  or  d\  spnea  scores.  CONCLUSIO.N:  The  short- 
term  inhalation  of  heliox  did  not  benefit  this  group 
of  children  hospitalized  w  ith  acute,  severe  asthma. 

Spirometry  and  Dyspnea  in  Patients  with 
COPD:  When  Small  Dift'erences  Mean  Little — 

DA  Redelmeier,  RS  Goldstein.  ST  Min.  RH 
Hyland.  Chest  1996:109(5):  1 163-1 1 6S. 

OBJECTIVE:  To  determine  when  a  difference  in 
FEV|  is  sufficiently  large  to  be  associated  with 
a  noticeable  difference  in  dyspnea  symptoms  for 
patients  with  chronic  lung  disease.  DESIGN: 
Cross-sectional  analysis  of  15  groups  (n  =  112 
patients.  832  contrasts).  SETTING:  Respiratory 
rehabilitation  program.  PATIENTS:  Patients  with 
COPD  (mean  FEV,  =  35%  predicted).  MEA- 
SURES: Patients'  perspectives  assessed  through 
subjective  comparison  ratings  of  dyspnea  and  of 
overall  health.  Relation  between  the  FEV|  and 
patients"  perspectives  determined  the  smallest  dif- 
ference in  spirometry  that  was  associated  w  ith  a 
noticeable  difference  in  patients'  symptoms. 
RESULTS:  The  FEV|  was  moderately  correlated 
with  patients'  ratings  of  dyspnea  (r  =  0.29;  95% 


confidence  interval  (CI ).  0.22  to  0.35 ).  In  contrast, 
the  FEV  I  was  minimally  correlated  with  patients' 
ratings  of  overall  health  (r  =  0.]0;  95"*  CI.  0.03 
to  0. 17).  The  FEV ,  needed  to  differ  by  4%  pre- 
dicted for  the  average  patient  to  stop  rating  his  or 
her  dyspnea  as  "about  the  same"  and  start  rating 
his  or  her  dyspnea  as  either  "a  little  bit  belter"  or 
"a  little  bit  worse"  relative  to  other  patients  (95% 
CI.  1 .5  to  6.5).  This  was  equivalent  to  the  aver- 
age patient's  FEV|  increasing  by  1 12  niL  (start- 
ing from  975  mL  and  ending  at  1 .087  mL).  CON- 
CLUSIONS: Some  statistically  significant 
differences  in  the  FEV|  are  so  small  that  they  may 
not  represent  important  differences  in  symptoms 
for  the  average  patient  with  severe  COPD;  an 
awareness  of  the  smallest  difference  in  FEV|  that 
is  noticeable  to  patients  can  help  clinicians  inter- 
pret the  effectiveness  of  symptomatic  treatments. 

Critical  Illness  Myopathy  and  Neuropathy — 

N  Latronico.  F  Fenzi.  D  Recupero.  B  Guarneri. 
G  Tomelleri,  P  Tonin,  G  De  Maria,  L  Antonini, 
N  Rizzuto,  ACandiani.  Lancet  1996:347(9015): 
1579-1582. 

BACKGROUND:  Critically  ill  patients  may 
develop  muscle  weakness  or  paralysis  during  the 
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course  of  sepsis  and  multiple-organ  failure.  We 
studied  peripheral  nerve  and  muscle  disorders 
(NMD)  in  comatose  patients.  METHODS: 
Comatose  patients  who  developed  paralysis  asso- 
ciated with  absent  deep-tendon  retlexes  had  elec- 
troneuromyography  (ENMG)  and  muscle-nerve 
biopsy  specimens  taken.  Onset  and  duration  of 
sepsis,  multiple-organ  dysfunction  and  failure,  bio- 
chemical alterations,  and  drugs  potentially  inter- 
fering with  nerve-muscle  function  were  recorded. 
FINDINGS:  24  patients  became  quadriparetic  or 
quadriplegic;  muscle  changes  were  found  in  23. 
Axonal  neuropathy  was  found  in  8  of  22  patients 
examined.  All  patients  had  prolonged  sepsis  and 
multiple-organ  dysfunction,  but  only  14  had  mul- 
tiple-organ failure.  Drugs  such  as  steroids,  neu- 
romuscular-blocking  agents,  and  aminoglycosides 
were  not  responsible  for  paresis,  and  the  part 
played  by  hyperglycaemia  and  hypoalbuminaemia 
is  uncertain.  Attending  physicians  predicted  a  fatal 
outcome  in  all  cases,  although  6  of  7  survivors  fully 
recovered  within  1 15-2 10  days  from  the  onset  of 
paralysis.  INTERPRETATION:  Comatose  patients 
may  become  completely  paralysed  because  of 
NMD.  The  diagnosis  is  important  to  avoid  unnec- 
essary investigations  and  unreasonably  [)essiinistic 
prognosis.  ENMG  is  essential  for  the  diagnosis 


and  for  planning  further  clinical  management. 
Biopsy  needs  to  be  done  only  when  it  is  neces- 
sary to  properly  classify  NMD. 

The  Cost  of  Prematurity:  A  Case-Control  Study 
of  Twins  versus  Singletons — B  Luke,  HR  Big- 
ger, S  Ix'urgans,  D  Sietsema.  Am  J  Public  Health 
1996;86(6):809-814. 

OBJECTIVES:  This  study  evaluated  the  extent 
to  which  morbidity  and  costs  at  birth  were  asso- 
ciated with  plurality,  gestational  age,  and  birth- 
weight  with  a  sample  of  twins  from  a  large  urban 
hospital.  METHODS:  Each  twin  infant  was 
matched  to  2  singleton  infants  (control  (ctrl]-sin- 
gletons)  for  payor  status  and  race,  and  to  one  sin- 
gleton infant  (gestation  |ga)-singleton)  for  payor 
status,  race,  and  gestational  age;  after  exclusion 
of  infants  who  were  transferred,  the  study  pop- 
ulation included  1 1 1  twins,  242  ctrl-singletons, 
and  106  ga-singletons.  Data  were  sU^atified  by  5 
gestational  categories  and  compared  across  smdy 
groups.  Outcomes  included  birthweighl,  neona- 
tal diagnoses,  infant  length  of  stay,  infant  costs 
per  day,  and  total  infant  and  total  birth  costs. 
RESLJLTS:  Tot;il  birth  costs  ranged  ftxim  $280,146 
at  25  to  27  weeks  to  $9,803  at  39  to  42  weeks. 


decreasing  with  advancing  gestation  to  means  of 
$88,891  (twins),  $43,041  (ga-singletons).  and 
$9,326  (ctrl-singletons).  Twins  did  not  differ  from 
either  group  of  singletons  in  prematurity-related 
diagnoses,  length  of  stay,  or  costs  until  after  .34 
weeks'  gestation.  CONCLUSIONS:  In  this  sam- 
ple, prematurity,  not  plurality,  uas  the  predom- 
inant cost  factor  at  birth.  Compared  w  ith  singletons, 
twins  experienced  increased  morbidity  and  asso- 
ciated costs  after  38  weeks'  gestation. 

Differences  in  the  Misreporting  of  Chronic 
Conditions,  by  I,e\el  of  Kducation:  The  Effect 
on  Inequalities  in  Proalence  Rates — JP  Mack- 
enbach,  CWN  Looman,  JBW  van  der  Meer.  Am 
J  Public  Health  I996;86(5):706-7II. 

OBJECTIVES:  Many  studies  of  socioeconomic 
inequalities  in  the  prevalence  of  chronic  condi- 
tions rely  on  self-reports.  For  chronic  nonspecific 
lung  disease,  heart  disease,  and  diabetes  mellitus, 
we  studied  the  effects  of  misreporting  on  varia- 
tions in  pre\alence  rates  by  respondents'  le\'el  of 
education.  METHODS:  In  1991,  a  health  inter- 
view survey  was  conducted  in  the  southeastern 
Netherlands  with  2,867  respondents.  Respondents' 
answers  were  compared  with  \  alidated  diagnostic 


The  AARC  Membership  Patch: 
Wear  il  with  Pride 


Sport  your  mciiibership  in  the  AARC  witli  tliis 
washable  patch.  Wear  it  on  your  lab  coat  or  sew  it  t)n 
a  tote  bag.  Approximately  3'/6". 

Item  PR2,  Regular  $3  Item  PR2S,  Student  $3 

"-'fff'i'iny  I--  $4  for  orders  ff^J/my  $)>  .t  /i-.s 

American  Association  for  Respiratory  Care 

11030  Abies  Ln.,  Dallas,  TX  75229-4593 
(214)  243-2272  •  Fax  (214)  243-2720 

Texas  custontcr<i  onlij.  please  add  8.25%  sales  tax  (incltidnig  shipping  charges). 

Texas  ettstonien  that  arc  exempt  from  sales  tax  must  attach  an  exemption  certificalc- 

Prices  subject  to  change  without  notice. 


cNo  Habia  Espanol? 

(Don 't  Speak  Spanish?) 


I'M  »  *  W  » 


! 


TrpTk 


This  treatment  takes 
10-15  minutes. 


Este  trotcmiento  dura 
10-15  minutos. 


iUse  the  Rcspiratoiy  Care  hi  Spaiiisli  flashcard- 
style  spiral  notebook  to  communicate  with 
Spanish-speaking  patients.  Choose  the 
I  appropriate  phrase  in  English,  and  have  the 
I  patient  read  the  flip  side  in  Spanish.  Fits  in 
lab  coat  pocket. 
Item  R43  $7  ($10  nonmembers) 

Shipfun^  ;.v  i-i  for  order',  totiilw^  $15  or  /(•» 

American  Association  for  Respiratory  Care 

11030  Abies  Ln.,  Dallas,  TX  75229-4593 

(214)  243-2272  •  Fax  (214)  243-2720 

Texas  customers  only,  please  ^dd  S.25"o  sales  tax  (includinj;  i^hipping  charges). 

Texas  customers  that  are  exempt  from  sales  tax  must  attach  an  exemption 

certificate.  Prices  subject  to  change  without  notice. 


790 


Respiratory  Care  •  September  '96  Vol  41  No  9 


Puff,  the  Tragic  Dragon 


Smoking:  If  you  think  it's  cool 
it's  only  your  imagination. 


American  AsscKial.on  for  Respiratory  Care 


mm 


mi 


AMERICAN  ASSOCIATION  FOR  RESPIRATORY  CARE 

1 1030  ABUS  LANE  •  DALLAS,  IIXAS  75229  4S93  •  (314)  143  2372  •  FAX  (H4|  484-2720 


Children's  T-Shirt 

A  Your  "Cool  Cat"  will  love  to  wear  the  "Cool  Cats 
Don't  Smoke"  logo  on  this  50/50  blend  white  T-shirt. 
Sizes  small  (2-4),  medium  (6-8),  large  (10-12),  and  extra 
large  (14-16)  available. 
Item  R54  $8.50  ($11.50  nonmembers) 

Dragon  T-Shirt 

B  Bright  colors  and  a  play  on  words  to  promote  no 
smoking  make  this  a  fun  shirt  to  wear.  Available  in  50/50 
white  cotton/polyester  blend,  sizes  medium,  large,  extra 
large,  and  extra-extra  large. 
Item  R49  $10  ($15  nonmembers) 

.-irW  S2.  Wfiir  c\-lr.t-cxlrd  Ltrgc. 

1996  RC  Week  Poster 

C  "There  is  no  substitute  for  your  respiratory  care 
practitioner."  Make  a  statement  with  this  18"  by  24" 
attention-grabbing  poster. 

Item  R15  $4  ($8  nonmembers) 


To  order  by  credit  card  or  purchase  order,  call  the  RC  Week  Hotline  at  (214)  406-4684. 


Abstracts 


questionnaires  in  the  same  survey  and  the  diag- 
noses given  by  the  respondents'  general  practi- 
tioners. RESULTS:  Misreporling  of  chronic  lung 
disease,  heart  disease,  and  diabetes  may  be  exten- 
sive. Depending  on  the  condition  and  the  refer- 
ence data  used,  the  confirmation  fractions  ranged 
between  0.61  and  0.9b  and  the  detection  fractions 
between  0.1.^  and  (J.y.^.  Misreporling  varied  by 
level  of  education,  and  although  various  patterns 
were  observed,  the  dominant  pattern  was  that  of 
more  underreporting  among  less  educated  persons. 
The  effects  on  prevalence  rates  were  to  under- 
estimate differences  by  level  of  education  to  a 
sometimes  considerable  degree.  CONCLUSIONS: 
Misreporting  of  chronic  conditions  differs  by 
respondents'  level  of  education.  Health  intei"view 
survey  data  underestimate  socioeconomic  inequal- 
ities in  the  prevalence  of  chronic  conditions. 

Comparison  olOxyjien  Salurullon  by  I'ulse 
Oximetry  and  Co-Oximttry  during  Exercise 
Testing  in  Patients  with  COPD— JP  McGov- 
em.  SA  Sasse,  f)W  Slansbury,  LA  Causing,  RW 
Light.  Chest  1 9%:  1  (W( .S  i:  I  LS  |  - 1  1 55. 

INTRODUCTION:  Measurement  of  oxygen  sat- 
uration by  pulse  oximetry  (SpQ,)  is  frequently  per- 


formed during  exerci.se  testing  of  patients  with 
COPD  to  monitor  for  hypoxemia.  The  purpose 
of  this  study  was  to  assess  the  accuracy  and  pre- 
cision of  pulse  oximetry  during  exercise.  We 
hypothesized  that  the  SpO;  would  more  closely 
reflect  oxygen  saturation  as  measured  by  co- 
oximetry  (Sao.-)  when  it  was  corrected  for  c;irboxy- 
hemoglobin  (COHb).  We  also  hypothesized  that 
SpO;  would  more  closely  reflect  S,,o,  when  the 
pulse  rate  by  oximeter  was  equivalent  to  the  heart 
rate  by  ECG.  Finally,  we  hypothesized  that  Spo; 
would  be  a  better  measure  of  Sao^  at  maximal 
workloads  than  at  rest  or  submaximal  workloads. 
METHODS:  Eight  while  men  with  severe  COPD 
{mean  ±  SD  FEV,,  0.91  ±0.37)  underwent  pro- 
gressive, symptoin-limited  exercise  testing  by 
cycle  ergometry.  SjO;  was  measured  from  arte- 
rial blood  at  each  workload  using  a  co-oximeter. 
SpO;  and  pulse  rate  were  obtained  by  a  pulse 
oximeter  (Ohmeda  3700).  Heart  rate  was  con- 
tinuously monitored  by  ECG.  RESULTS:  Reli- 
able oximetric  values  as  delennined  by  a  dicrotic 
notch  in  each  wavefomt  and  adequate  signal  inten- 
sity were  obtained  in  all  8  patients.  SpO;  was  a 
moderately  accurate  measure  of  SaO;  (bias,  I  J%: 
precision.  2.9).  The  bias  actually  increased  (4. 1  %) 
when  SpOj  was  corrected  for  COHb.  Accuracy 


of  SpO;  was  not  improved  when  pulse  rate  by 
oximetry  and  heart  rate  by  ECG  were  equivalent, 
nor  was  the  accuracy  improved  at  maximal  work- 
loads relative  to  submaximal  workloads  during 
the  exercise  test.  CONCLUSION:  Oxygen  sat- 
uration as  measured  by  pulse  oximetry  (Spo,)  in 
patients  with  COPD  undergoing  exercise  testing 
is  not  sufficiently  accurate  to  replace  .Sjo,  as  the 
gold  standard  for  oxygen  saturation. 

Tile  Ontario  Trial  of  Active  Compression- 
Decompression  Cardiopulmonary  Resuscita- 
tion for  In-Hospital  and  Prehospital  Cardiac 

Arrest— IG  Sticll.  PC  Hebcrt.  GA  Wells,  A  Lau- 
pacis.  K  Vandemhecn,  JF  Dreyer,  MA  Eisenhauer, 
J  Gibson,  LAJ  Higginson,  AS  Kirby.  JL  Mahon, 
JP  Maloney,  BN  Weilzmaji.  JAMA  1996;275(  1 8): 
1417-1423. 

OBJECTIVE:  To  compare  the  impact  of  active 
compression-decompression  (ACD)  cardiopul- 
monary resuscitation  (CPR)  and  stand;ird  CPR  on 
the  (mlcomes  of  in-hospital  and  prehospital  vic- 
tims of  Ciirdiac  arrest.  DESICiN:  R;uidomi/ed  con- 
trolled trial  with  blinding  of  allocation  using  a 
sealed  container.  SETTINGS:  ( 1 1  Emergency 
departments,  wards,  and  intensive  care  units  of 
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5  university  hospitals  and  (2)  all  locations  outside 
hospitals  in  2  midsized  cities.  PATIENTS:  A  total 
of  1 ,7S4  adults  who  had  cardiac  arrest.  INTER- 
VENTION: Patients  recci\ed  cither  standard  or 
ACD  CPR  throughout  resuscitation.  M.MN  OL'T- 
COME  MEASL'RES:  Sur\  i\  al  lor  I  hour  and  to 
hospital  discharge  and  the  modified  Mini-Men- 
tal State  E.vamination  (MMSE).  RESULTS:  All 
characteristics  were  similar  m  the  standard  and 
ACD  CPR  groups  for  the  77.^  in-hospital  patients 
and  the  1,01 1  prehospital  patients.  For  in-hospital 
patients,  there  were  no  significant  differences 
between  the  st;tndard  (n  =  368)  and  ACD  (n  =  4051 
CPR  groups  in  survival  for  1  hour  (35.1%  vs 
34.69t;  p  =  0.89),  in  survival  until  hospital  dis- 
charge (1 1.49;  vs  10.4'/f;  p  =  0.64).  or  in  the 
median  MMSE  score  of  survivors  (37  In  both 
groups!.  For  patients  who  collapsed  outside  the 
hospital,  there  were  also  no  significant  differences 
between  tlie  standard  ( n  =  5 1 0 )  and  .ACD  ( n  =  50 1 ) 
CPR  groups  in  survival  for  I  hour  (16.5%  vs 
18.2%;  p  =  0.48),  in  survival  to  hospital  discharge 
(3.7%  vs  4.6% :  p  =  0.49),  or  in  the  median  MMSE 
score  of  sunivoiN  (35  in  both  groups).  Exploration 
of  clinically  important  subgroups  failed  to  iden- 
tify an>  patients  who  appeared  to  benefit  from 
ACD  CPR.  CONCLUSIONS:  ACD  CPR  did  not 
improve  survival  or  neurologic  outcomes  in  any 
group  of  patients  with  cardiac  arrest. 

The  Influence  of  the  \\  ider  I  se  of  Surfactant 
Iherapv  on  Necmalai  Mortalitv  among  Blacks 
and  Whites — A  Hannas.  PH  Wise.  RK  Yang, 
NS  Wampler,  A  Noguchi,  MM  Maurer,  CA 
Walentik.  WF  Schramm.  FS  Cole.  N  Engl  J  Med 
1996:3.^(25):  1 635- 1640. 

BACKGROUND:  Surlactant  therapy  reduces 
morbidity  and  mortality  among  premature  infants 
with  the  respiratory  distress  syndrome  (RDS).  Fetal 
pulmonary  surfactant  matures  more  slowly  in 
w  hite  than  in  black  fetuses,  and  therefore  RDS  is 
more  prexalent  among  whites  than  among  blacks. 
We  reasoned  that  the  increased  use  of  surfactant 
after  its  appro\'al  by  the  Food  and  Drug  Admin- 
istration (FDA)  in  1990  might  have  reduced  neona- 
tal mortality  more  among  whites  than  among 
blacks.  METHODS:  We  merged  vital-statistics 
information  for  all  1,563  infants  with  very  low 
birthweights  (500  to  1,500  g)  born  from  1987 
through  1 989  or  in  1991  and  1 992  to  residents  of 
St  Louis  with  clinical  data  from  the  4  neonatal 
intensive  care  units  in  the  St  Louis  area;  we  then 
compiled  neonatal  mortalil)  during  2  periods,  one 
before  and  one  alter  the  FD.-X's  approval  of  sur- 
factant for  clinical  use  ( 1987  through  1989  and 
1991  through  1992).  RESULTS:  The  use  of  sur- 
factant increased  by  a  factor  of  1 0  between  1 987 
through  1989 and  1991  through  1 992.  The  neona- 
tal mortality  rate  among  all  very-low-birthweight 
infants  decreased  17%,  from  220.3  deaths  per 
1,(XM)  very-low -birthweighl  babies  bom  alive  (in 
I9S7  through  l989)to  I83.9per  l.0(.)0(in  1991 
through  1992:  p  =  0.07).  This  decrease  was  due 


to  a  41%  reduction  in  the  mortality  rate  among 
white  newborns  w  ith  very  low  birthw  eights  ( from 
261.5  per  1,000  to  155.5  per  1,000;  p  =  0.003). 
In  contrast,  among  black  infants,  die  mortality  rate 
for  very-low-birthweight  infants  did  not  change 
significantly  ( 1 95.6  per  I  .(XX)  iind  1 96.8  per  I  .(XTO). 
The  relative  risk  of  death  among  black  newborns 
with  \ery  low  birthu eights  as  compared  with  white 
newborns  with  simiku- weights  was  0.7  from  1987 
through  1989  and  1.3  from  1991  through  1992  Ip 
=  0.02).  The  differences  in  mortality  were  not 
explained  by  differences  in  access  to  .surfactant 
therapy,  by  differences  in  mortality  between  black 
and  white  infants  who  received  surfactant,  or  by 
differences  in  the  use  of  antenatal  corticosteroid 
therapy.  CONCLUSIONS:  After  surtactant  ther- 
ap\  for  RDS  became  generally  a\  ailable.  neona- 
tal mortality  impro\ed  more  for  white  than  for 
black  infants  uith  very  low  birthweights. 

Aerosolized  Surfactant  In  .Adults  with  .Sepsis- 
Induced  .\cute  Respiralorv  Distress  Syn- 
drome— A  Anzueto.  RP  Baughman.  KK  Gun- 
tupalli.  JG  Weg.  HP  Wiedemann.  A.A  Raventos. 
F  Lemaire.  W  Long,  DS  Z;iecardclli,  EN  Pattishall 
for  the  Exosurf  .■\ctite  Respiratory  Distress  Syn- 
drome Sepsis  Study  Group.  N  Engl  J  Med  1996: 
334(22):14I7-I42I. 

BACKGROUND:  Patients  with  acute  respiratory 
distress  syndrome  ( ARDS)  have  a  deficiency  of 
surtactant.  Surtactant  replacement  improves  phys- 
iologic function  in  such  patients,  and  prelimintuy- 
data  suggest  that  it  may  improve  survival.  METH- 
ODS: We  conducted  a  prospective,  multicenter. 
double-blind,  randomi/ed,  placebo-controlled  trial 
involving  725  patients  with  sepsis-induced  ARDS. 
Patients  were  stratified  according  to  the  risk  of 
death  at  base  line  (indicated  by  their  score  on  the 
.^cute  Physiologic  and  Chronic  Health  Evalua- 
tion |.-\PACHE  III)  index)  and  randomly  assigned 
to  receive  either  continuously  administered  syn- 
thetic surfactant  (13.5  mg  of  dipalmitoylphos- 
phatidylcholine  per  milliliter:  364  patients)  or 
placeb<i(0.45%  saline:  361  patients)  in  aerosolized 
form  for  up  to  5  days.  RESULTS:  The  demo- 
graphic and  physiologic  characteristics  ot  the  2 
treatment  groups  were  similar  at  base  line.  The 
mean  (±  SD)  age  was  50  ±  17  years  in  the  sur- 
factant group  and  53+18  years  in  the  placebo 
group,  and  the  mean  APACHE  III  scores  at  ran- 
domization were  70.4  ±  25  and  70.5  ±  25,  respec- 
tively. Hemodynamic  measures,  measures  of  oxy- 
genation, duration  of  mechanical  \entilalion.  and 
length  of  sta_\  in  the  intensi\e  care  unit  did  not  dil- 
fer  significantly  in  the  2  groups.  Survival  at  30 
days  was  f>0%  for  both  groups.  Surviv  al  was  sim- 
ilar in  the  groups  when  analyzed  according  to 
APACHE  III  score,  cause  of  death,  time  of  onset 
and  severity  of  ARDS,  presence  or  absence  of  doc- 
umented  sepsis,  underlying  disease,  whether  or 
not  there  was  a  do-not-resuscitate  order,  and  med- 
ical center.  Increased  secretions  were  signiticantly 
more  frequent  in  the  surfactant  group:  (he  rates 


of  otlier  complications  were  similar  in  the  2  gnuips. 
CONCLUSIONS:  The  continuous  administration 
of  aero.solized  synthetic  surfactant  to  patients  with 
sepsis-induced  ARDS  had  no  significant  effect 
on  30-day  survival,  length  of  stay  in  the  intensive 
care  unit,  duration  of  mechanical  ventilation,  or 
physiologic  function.  See  the  relawd  eililoiial: 
The  Acule  Reypiralory  Distress  Syndrome— MA 
Matlluix.  N  KukI  .1  MccI  1996:  <M  22 1:  I4W- 1470. 

Histopathologic  and  Microbiologic  Aspects  of 
Ventilator-.\ssoeialed  Pneumonia — N  Fabre- 
gas.  A  Torres,  M  El-Hbiaiy ,  J  Ramirez.  C  Hernan- 
dez, J  Gonzalez,  JP  de  la  Bellacasa,  J  de  Anta,  R 
Rodriguez-Roisin.  .Anesthesiology  1996:84(4): 
760-771. 

BACKGROUND:  The  relationship  between 
microbiology  and  histology  in  patients  with  ven- 
tilator-associated pneumonia  has  been  sparsely 
described.  METHODS:  Twenty-five  patients  who 
died  in  the  intensive  care  unit  after  their  lungs  had 
been  mechanically  ventilated  for  72  hours  were 
studied.  Twenty  of  the  25  died  with  clinical  sus- 
picion of  pulmonary  infection.  A  total  of  375 
immediate  posiinortem  pulmonary  biopsies  were 
obtained  alter  death  and  processed  for  quantita- 
tive microbiology  and  histology.  Four  evolutionary 
stages  of  pneumonia  were  defined:  earls .  inter- 
mediate, advanced,  and  resolution.  RESULTS:  At 
least  one  specimen  with  histologic  evidence  of 
pneumonia  was  found  in  all  but  2  patients  (92%). 
Histologic  pneumonia  was  a  widespread  and  fre- 
quent process  (46%  of  biopsies  examined)  involv- 
ing predominantly  the  lower  lobes  (55%  of  all  biop- 
sies with  pneumonia)  and  showing  different 
histopathologic  stages  of  progression  coexisting 
in  the  same  lung  lobes.  Lung  cultures  were  fre- 
quently polymicrobial  ( 149  of  375. 40%  of  the  pul- 
monary biopsy  cultures,  and  20  of  25,  80%  of  the 
cases)  and  not  always  yielding  the  same  pathogen 
( 1 9  micro-organisms)  when  comparing  one  lung 
to  the  other.  Histopathology  and  microbiologic 
biopsy  cultures  showed  a  weak  relationship  (28% 
and  49%  of  species  had  counts  >  10'  efu/g  in  sam- 
ples without  pneumonia  from  patients  with  and 
w  ithout  pnor  antibiotic  treatment,  respectively). 
Histopathologic  evoiulionarv'  stages  were  not  asso- 
ciated with  any  differences  in  quantitative  culture 
results  of  pulmonary  biopsies,  independently  of 
prior  administfation  of  antibiotics.  Higher  bacterial 
concenU'ations  of  biopsy  cultures  were  associated 
with  the  absence  of  prior  antibiotic  treatment. 
CONCLUSIONS:  Ventilator-associated  pneu- 
monia is  a  frequent  diffuse  and  polymicrobial  pro- 
cess show  ing  different  coexisting  degrees  ot  evo- 
lution and  involv  ing  preferentially  the  lower  lobes. 
Microbiology  and  histology  can  be  dissociated 
even  in  the  absence  of  prior  antibiotic  treatment. 
Lung  histology  appears  more  reliable  than  bac- 
teriology as  a  diagnostic  reference  test.  See  the 
related  editorial:  Nosocomial  Infection  in  the  Crit- 
ically III:  The  Uing  as  a  Target  Organ— JJ  Kmiln. 
Aiwsllwsiiili'ny  IW6:S4l4):757-759. 
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I^iin;;  Volume  Reduction  Surjjerv  for  Kmphy- 
sema — M  Brenner.  R  Yusen.  R  McKenna  Jr,  F 
Sciurba.  AF  Gelb.  R  Fischcl.  J  Swain.  JC  Chen. 
F  Katie.  SS  Lcfrak.  Chest  199(i;l  lOl  I  ):20.';. 

There  has  tieen  dramatic  resurgence  ot  iniercsi  in 
surgical  treatment  ol  emphysema,  panicularly 
"lung  volume  reductiiin"  prtx'ediires.  Recent  stud- 
ies have  denionsuated  improvements  in  pulmonary 
function,  lung  mechanics,  exerci.se  tolerance,  and 
quality  of  life  in  selected  patients  following  vol- 
ume reduction  procedures.  However,  consider- 
able uncertainty  remains  regarding  overall  ben- 
efit, optimal  patient  selection,  operative  techniques, 
and  duration  of  response.  This  review  summarises 
current  approaches  to  lung  volume  reduction 
surgery,  available  clinical  outcome  infonnation. 
selection  criteria,  and  physiologic  mechanisms  of 
response,  and  discusses  the  potential  role  for  sur- 
gical volume  reduction  in  treatment  of  emphysema. 
Recent  data  appear  to  support  the  efficacy  of  bilat- 
eral staple  lung  volume  reduction  surgery  in 
patients  with  severe  symptomatic  heterogeneimsly 
distributed  emphysema.  Further  studies  will  be 
needed  to  determine  relative  value  of  different 


operative  techniques  and  benefit  in  patients  with 
other  clinical  presentations. 

Contribution  of  l.ungand  Chest  Wall  Mechan- 
ics Follow Inu  Kniphysenia  Resection — .AF  ( ielb. 
RJ  McKenna  Jr.  M  Brenner.  R  Fischel.  A  Bay- 
dur.  N  Zamel.  Chest  1496:1  lOl  1  ):1  I. 

OBJECTIVE:  To  determine  the  contributions  of 
(1)  chest  wall  (Poland  (2)  lung  elastic  recoil  pres- 
sure (Pl)  to  (3 )  total  elastic  recoil  pressure  exerted 
by  the  respiratory  system  (P^s)  in  18  patients  (12 
men)  aged  66  ±  6  years  (mean  ±  1  SD)  with  severe 
emphysema  who  underwent  video-assisted  tho- 
racoscopic  bilateral  lung  volume  reduction  surgery 
under  paralyzed  (vecuronium)  general  anesthe- 
sia (isoflurane).  DESIGN:  We  measured  preop- 
erative and  6-week  postoperative  lung  function 
studies,  and  intraoperative  inspiratory  lung  con- 
ductance (Gi,).  Pl.  P<.„.  and  P,s  (cm  H2O)  at  end- 
expiratory  lung  volume  (EELV).  EELV  plus  0.60 
±  0.0  L.  and  EELV  plus  1 . 1 5  ±  0.0  L.  All  values 
are  mean  ±  SEM.  RESULTS:  Preoperative  vs 
postoperative  FVC  was  1 .9  ±  0. 1  L  vs  2.3  ±  0. 1 
L  ( p  =  0.03 );  FEV ,  was  0.6  ±  0. 1  L  vs  0.9  ±  0. 1 
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L(p<  0.02);  total  lung  capacity  was  7.4  ± 0.4  L 
vs  5.9  ±  0.3  L  (p  <  0.001);  functional  residual 
capacity  was  5.7  ±0.4Lvs4.4±0.2L(p  =  0.001). 
At  EELV  preoperative  vs  postoperative.  Pl  was 
0.0  ±  0.3  vs  1 . 1  ±  0.05  (p  =  0.04).  P,-„  was  5.0  + 
0.7  vs  2.4  ±  0.9  (p  =  0.02 ).  and  Pp.  was  5.0  ±  0.8 
vs  3.5  ±  0.7  (p  =  0.08).  At  EELV  plus  0.60  L,  Pl 
was  3.2  ±  0.6  vs  6. 1  ±  0.9  (p  <  0.00 1 ).  Pew  was 
8.8  ± 0.8  vs7.0± 0.9  (p  =  0.12),  and  P„  was  12.0 
±  0.8  vs  13.1  ±  0.7  (p  =  0.80).  At  EELV  plus 
l.l5L.PLwas6.8±0.9vsl0.3±l.l(p<0.00l). 
Pc„  was  13.5  ±  1.0  vs  1 1.2+ 1.2  (p  =  0.12),  and 
Pp.  was  20  ±  1 .2  vs  2 1 .5  ±  1 .0  (p  =  0.93).  At  EELV 
plus  0.60  L.  Gl  was  0.09  ±  0.00  L  ■  s  cm  HjO" ' 
vsO.I6±0.01  (p< 0.01).  At  EELV  plus  1.15  L, 
Gl  was  0.12  ±0.01  vs0.21  ±0.03  (p<  0.05)  with 
similar  preoperative  v  s  postoperative  Gl/P|_  slopes. 
CONCLUSION:  The  increase  in  Pl  and  decrea.se 
in  Pew  following  LVRS  for  emphysema  may  be 
responsible  for  the  increase  in  spirometry  and  air- 
way conductance. 

Mechanisms  of  Relief  of  Exertional  Breath- 
lessness  Following  Unilateral  Biilleciomy  and 
Lung  \  olume  Reduction  Surgery  in  Kniphy- 
sema— DE  ODonnell.  KA  Webb.  JC  Benley. 
LKL  Chau.  AA  Conlan.  Chest  1996;  1 10(  1 ):  18. 

OBJECTIVE:  To  explore  mechanisms  of  relief 
of  exertional  breathlessness  following  surgery  to 
reduce  thor~acic  gas  volume  in  patients  witli  emphy- 
sema, MATERIALS  A:  METHODS:  We  studied 
S  patients  w  iih  cmpliv  sema  ( FEV|  =  39  ±  3*^^  pre- 
dicted; residual  volume  |RV]  =  234  ±  \29c  pre- 
dicted; mean  ±  SEM)  who  were  severely  breath- 
less despite  optimal  pharmacotherapy  and  who 
underwent  unilateral  bullectomy  for  giant  bullae 
(greater  than  one  third  hemithorax);  4  of  these  also 
had  ipsilaleral  lung  reduction  (pneumeclomy).  Pul- 
monary function  and  cycle  exercise  performance 
( n  =  6)  were  ev aluatcd  before  and  1 3  ±  3  weeks 
after  surgery.  Chronic  breathlessness  was  mea- 
sured with  the  Baseline  Dyspnea  Index  and  the 
■Medical  Research  Council  dyspnea  scale.  Exer- 
tional breathlessness  was  measured  using  Borg 
ratings  at  a  standardized  work  rate  (BorgSTD). 
RESULTS:  FEVj.  FVC.  and  maximal  inspiratory 
pressures  increased  postsurgery  by  29  ±  7%  (p  < 
0.05).  24  ±  109'f  (p  =  0.06).  and  39  ±  12%  (p  < 
0.01 ).  respectively.  Plethysmographic  total  lung 
capacity.  RV.  and  functional  residual  capacity  fell 
by  14  ±  29, .  30  ±  49f .  and  1 8  ±  iVc.  respectively 
(p  <  0.001 ).  .All  measures  of  chronic  breathless- 
ness improved  significantly  (p  <  0.05).  During 
exercise  at  a  standardized  work  rate.  Borg.STi)  fell 
459'r  (p  <  0.05).  end-expiratory  lung  volume 
(EELV)  fell  22%  (p  <  0.01 ).  and  breathing  fre- 
quency (F)  fell  25%  (p  =  0.08).  By  multiple  step- 
wise regression  analysis,  99%  (p  =  0.(X)7)  of  the 
variance  in  symptom  relief  (ABorg.STD)  was 
explained  by  the  combination  of  decreased  ratio 
of  the  end-expiratory  lung  volume  to  total  lung 
capacity,  decreased  F.  and  diminished  mechan- 
ical constraints  on  tidal  volume  (tidal  volume  to 
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vital  capacity  ratio).  CONCLUSION:  Reduced 
exertional  breathlessness  at  a  given  workload  after 
volume  reduction  surgery  was  attributed  to  a  com- 
bination of  reduced  thoracic  hyperinflation, 
reduced  F,  and  reduced  mechanical  constraints 
on  lung  volume  expansion. 

I.ung  \'olume  Ruducllon  in  Patients  with 
Severe  Diffuse  Kniphjseiiia:  A  Relrospecli\e 
Study — C  Roue.  H  Mai,  C  Sleiman,  M  Founiier, 
J  Duchatelle,  P  Baldeyrou.  R  Pariente.  Chest 
1996;110(1):2X. 

BACKGROUND:  For  most  authors,  surgery  of 
emphysema  is  restricted  to  resection  of  large  bul- 
lae, wherea.s  resection  of  small  bullae  or  lung  \  ol- 
ume  reduction  is  generally  considered  to  ha\e  ptxir 
results.  OBJECTIVE:  To  report  our  experience  of 
lung  volume  reduction  in  patients  with  severe 
emphysema  without  large  bullae.  PATIENTS: 
Thirteen  patients  were  operated  on  from  1 982  to 
1992.  Before  surgery,  they  all  had  severe  diffuse 
emphysema  with  a  dyspnea  grade  4  or  5  and  mean 
FEV|  values  of  18  ±  5%  of  predicted.  Se\en 
patients  had  a  P^cch  greater  than  42  mm  Hg.  On 
radiologic  evaluation,  they  had  euher  small  bul- 
lae or,  most  often,  areas  of  destfoyed  lung.  INTER- 
VENTION: The  surgical  prtK-edure  w  as  unilateral 
in  1 1  patients  and  bilateral  in  2.  MEASURE- 
MENTS &  RESULTS:  Postoperative  assessment 
included  dyspnea  grading,  FEV  i  measurements, 
and  bliHxl  ga-s  analysis  followed  at  6-  to  12-month 
inten'als.  There  was  no  perioperative  mortality  iuid 
the  morbidity  was  limited.  At  6,  12,  18.  24.  and 
.^f)  montlis  postoperatively,  a  symptomatic  improve- 
ment was  observed  in  92%,  85%.  54%,  3 1  %,  and 
31%  of  the  patients,  respectively,  with  FEV| 
incitasing  by  at  least  20%  in  92%,  46%,  46%.  319;, 
and  24%  of  the  patients,  respectively.  CONCLU- 
SION: Our  data  show  that  lung  volume  reduction 
may  result  in  symptomatic  and  spirometric 
improvement  in  patients  with  severe  emphysema 
without  large  bullae. 

The  cJiumal:  IJing  Volume  Reduction:  A  Breath 
of  Fresh  Air?-^AG  Liitle.  Chest  1996:1  lUI  1 12-3 
relates  to  the  previmts  4  ahslrarts. 

Effects  of  Organizational  Change  in  the  Med- 
ical Intensive  Care  Unit  of  a  Teaching  Hcxspital: 
A  Comparison  of  'Open'  and  'Closed'  For- 
mats— SS  Carson,  C  Stocking.  T  Podsadecki.  J 
Christenson,  A  Pohhnan,  S  MacRae,  J  Jordan.  H 
Humphrey,  M  Siegler,  J  Hall.  JAMA  1996:276 
(4):322. 

OBJECTIVE:  To  compare  the  effects  of  change 
from  an  open  to  a  closed  intensive  care  unit  (ICU) 
format  on  clinical  outcomes,  resource  utilization, 
teaching,  and  perceptions  regarding  quality  of  care. 
DESIGN:  Prospective  cohort  study:  prospective 
economic  evaluation.  SETTING:  Medical  ICU 
at  a  university-based  tertiary  care  center.  For  the 
open  ICU,  primarN  admitting  phvsicians  direct  care 


of  patients  with  input  from  critical  care  special- 
ists via  consultation.  For  the  closed  ICU.  critical 
care  specialists  direct  patient  care.  PATIENTS: 
Consecutive  samples  of  124  patients  admitted 
under  an  open  ICU  fomiat  and  1 2 1  patients  admit- 
ted after  changing  to  a  closed  ICU  format.  Re- 
admissions  were  excluded.  MAIN  OUTCOME 
MEASURES:  Comparison  of  hospital  mortality 
with  mortalit\  predicted  b_\'  the  Acute  Phvsiology 
and  Chronic  Health  Evaluation  II  (APACHE  111 
.system;  duration  of  mechanical  ventilation;  length 
of  stay;  patient  charges  for  radiology,  laboraloiy, 
and  pharmacy  departments;  vascular  catheter  use; 
number  of  inteniiplions  of  fomial  teaching  rounds; 
and  perceptions  of  patients,  families,  physicians, 
and  nurses  regarding  quality  of  care  and  ICU  func- 
tion. RESULTS:  Mean  ±  SD  APACHE  II  scores 
were  15.4  ±  8.3  in  the  open  ICU  and  20.6  ±  8.6 
in  the  closed  ICU  (p  =  0.001 ).  In  the  closed  ICU, 
the  ratio  of  actual  mortality  (31.4%  I  to  predicted 
mortality  (40.1%)  was  0.78.  In  the  open  ICU,  the 
ratio  of  actual  mortality  (22.6% )  to  predicted  mor- 
tality  (25.2%)  was  0.90.  Mean  length  of  stay  for 
sur\  i\  ors  in  the  open  ICU  was  3.9  days,  and  mean 
length  of  stay  for  sui^vivors  in  the  closed  ICU  was 
3.7  days  (p  =  0.79 1.  There  were  no  significant  dif- 
ferences between  periods  in  patient  charges  for 
radiology,  laboratory,  or  pharmacy  resources. 
Nurses  were  more  likely  to  say  that  they  were  very 
confident  in  the  clinical  judgment  of  the  physi- 
cian primarily  responsible  for  patient  care  in  the 
closed  ICU  compared  with  the  open  ICU  (41% 
vs  7%;  p  <  0.01 ).  and  nurses  were  the  group  most 
supportive  of  changing  to  a  closed  ICU  format 
before  and  after  the  study.  CONCLUSIONS: 
Based  on  comparison  of  actual  to  predicted  mor- 
tality, changing  from  an  open  to  a  closed  ICU  lor- 
mat  improved  clinical  outcome.  Although  patients 
in  the  closed  ICU  had  greater  severity  of  illness, 
resource  utilization  did  not  increase. 

Double-Blind  Placeho-Controlled  Study  of  the 
Hyperventilation  I'r<i\<icalion  Test  and  the 
\  alidity  of  the  Hyperventilation  Syndrome — 

HK  Horns\eld.  B  Garsscn.  MJC  Fiedeldij  Dop. 
PI  van  Spiegel.  JCJM  de  Haes.  Lancet  1996; 
.348:154. 

BACKGROUND:  Hyperventilation  syndrome 
(HVS)  describes  a  set  of  somatic  and  psychological 
symptoms  thought  to  result  from  episodic  or 
chronic  hyperventilation.  Recognition  of  symp- 
toms during  the  hyperventilation  provocation  test 
(HVPT)  is  the  most  widely  used  criterion  for  diag- 
nosis of  HVS.  We  have  investigated  the  validity 
of  the  HVPT  and  of  the  concept  of  HVS.  METH- 
ODS: In  a  randomized,  double-blind,  crossover 
design,  the  ability  of  1 15  patients  with  suspected 
HVS  to  recognize  symptoms  during  the  HVPT 
was  compared  with  the  ability  to  recognize  symp- 
toms during  a  placebo  test  (isocapnic  over- 
breathing,  with  carbon  dioxide  levels  maintained 
by  manual  tiuation).  Tliirty  patients  who  had  pos- 
itive results  on  the  HVPT  underwent  ambulaton 


transcutaneous  monitoring  of  Po.i;  to  ascertain 
whether  the)  h)  perventilated  during  spontaneous 
symptom  attacks.  FINDINGS:  Of  die  1 15  patients 
who  underwent  the  HVPT  and  the  placebo  test. 
85  (74%)  reported  symptom  recognition  during 
the  HVPT  (positive  diagnosis  HVS).  Of  that  sub- 
set. 56  were  also  positi\e  on  the  placebo  test  (false- 
positive  ).  and  29  were  negativ  e  on  the  placebo  lest 
(true-positive).  False-positive  and  true-positive 
patients  did  not  differ  in  symptom  profile  or  in 
physiological  valuables.  During  ambulatory  mon- 
itoring (15  true-positive,  15  false-positive)  22 
attacks  were  registered.  Transcutaneous  end-tidal 
Pco;  decreased  during  only  7.  The  decreases  were 
slight  and  apparently  followed  the  onset  of  the 
attack.  «  hich  suggests  that  hyperventilation  is  a 
consequence  ralhcr  than  a  cause  of  the  attack. 
There  were  no  app;ueiit  differences  between  false- 
positive  and  tme-positive  patients.  INTERPRE- 
TATION: The  HVPT  is  invalid  as  a  diagnostic 
test  for  HVS.  Hyperventilation  seems  a  negligi- 
ble factor  in  the  expenence  of  spontaneous  synifi- 
toms.  The  term  HVS  should  be  avoided. 

UK  Collaborative  Randomized  Trial  of  Neona- 
tal Extracorporeal  .Membrane  Oxygenation — 

UK  Collahoraluc  ECMO  Trial  Group.  Lancet 
1996:348:75. 

BACKGROUND:  ExU-acorporeal  membi-.uie  oxy- 
genation (ECMO)  is  a  complex  and  expensive 
technology  that  can  be  used  to  provide  temporary 
support  during  respiratory  failure.  Its  value  for 
mature  newborn  infants  is  controversial  because 
of  varying  interpretation  of  the  available  evidence. 
We  undertook  a  collaborative  trial  throughout  the 
UK  to  assess  whether  a  policy  of  referral  for 
ECMO  has  a  beneficial  effect  on  survival  to  1  year 
without  severe  disability  in  comparison  with  con- 
ventional management.  METHODS:  Between 
1993  and  1995.  185  mature  (gestational  age  at  birth 

>  35  weeks,  birthweight  >  2  kg)  newborn  infants 
with  severe  respiratory  failure  (oxygenation  index 

>  40)  were  enrolled  from  55  hospitals  in  a  ran- 
domized comparison  of  either  referral  to  I  of  5 
specialist  centers  for  consideration  of  ECMO  or 
continued  intensive  conventional  management  at 
the  original  hospital.  Tlie  most  common  diagnoses 
were  persistent  pulmonary  hypertension  due  to 
meconium  aspiration,  congenital  diaphragmatic 
hernia,  isolated  persistent  fetal  circulation,  sep- 
sis, and  idiopathic  respiratory  disffess  syndrome. 
Of  tlie  infants  allcK-aled  ECMO,  84%  received  this 
support.  Recniilincnl  to  the  mal  was  stopped  early 
(November  1995)  by  the  trial  steering  commit- 
tee on  the  advice  of  the  independent  data-mon- 
itoring committee,  because  the  data  accumulated 
showed  a  clear  advantage  with  ECMO.  1 24  chil- 
dren were  enrolled  before  December  1994;  those 
who  survived  to  1  year  of  age  have  undergone  neu- 
rological assessment  at  that  age  (by  1  of  3  devel- 
opmental paediatricians  unaware  of  treatment  allo- 
cation). FINDINGS:  Overall,  81  (44%)  infants 
died  before  leaving  hospital,  and  2  are  known  to 
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have  died  later.  Death  rates  differed  between  the 
2  trial  groups;  30  of  93  infants  allocated  ECMO 
died  compared  with  54  of  92  allocated  conven- 
tional care.  The  relative  risk  was  0.55  (95%  CI 
0.39-0.77;  p  =  0.0005 ).  which  is  equivalent  to  I 
extra  survivor  for  every  3  to  4  infants  allocated 
ECMO.  The  difference  in  survival  applied  irre- 
spective of  the  primary  diagnosis,  disease  sever- 
ity, and  type  of  referral  centre.  The  benefit  of 
ECMO  was  also  found  for  the  primary  outcome 
measure  of  death  or  disability  at  I  year  (among 
124  children  enrolled  before  December  1994).  One 
child  in  each  group  has  severe  disability  (over- 
all Griffiths'  developmental  quotient  <  50.  or 
uniestablel,  and  16(10  ECMO.  6  conventional 
management)  have  impairments  with  a  lesser 
degree  of  disability.  INTERPRETATION:  These 
preliminary  results  demonstrate  the  clinical  effec- 
tiveness of  a  well-staffed  and  organized  neona- 
tal ECMO  service.  ECMO  support  should  be 
actively  considered  for  neonates  with  severe  but 
potentially  reversible  respiratory  failure.  Sec  the 
related  commentary:  Neonatal  Extracorporeal 
Membrane  OxynenatUm — A  Bridging  Tech- 
nique—Rl-  Si,ll.  IaiiucI  IW6:.U.S:7l)-7l. 

L'se  of  Rucemic  Epinephrine,  Dexumethasone, 
and  Mist  in  the  Outpatient  Management  of 
Croup — NC  Kunkel,  MD  Baker.  Pcdiatn  Emerg 
Care  1996:12(3)1.56. 

rills  sUuly  aims  to  determine  whether  a  sub- 
population  of  children  with  croup.  gi\en  mist  and 
dexamethasone.  can  be  treated  with  nebulized 
racemic  epinephrine  and  safely  discharged  after 
observation  in  the  emergency  department.  A 
prospective  study  was  designed,  enrolling  chil- 
dren aged  3  months  to  6  years  with  a  clinical  diag- 
nosis of  croup.  Croup  scores  were  assigned  on 
arrival,  after  30  minutes  of  saline  mist,  and  30, 
120,  and  240  minutes  after  nebulized  racemic 
epinephrine.  All  children  received  misi;  those  with 
a  croup  score  >3  after  mist  were  given  nebulizetl 
racemic  epinephrine.  AU  patients  received  intra- 
muscular dex;uiietlia.sone.  Patients  were  discharged 
if  they  were  significantly  improved  after  4  hours 
of  observation.  Phone  follow-up  occurred  24  to 
48  hours  after  discharge.  Sixty  children  received 
racemic  epineplirine  for  croup.  The  median  croup 
score  on  arrival  was  5.  and  there  was  no  differ- 
ence in  arrival  croup  score  by  disposition.  The 
2-hour  croup  score  was  significantly  higher  for 
admitted  patients  (p  <  0.05  by  the  Mann-Whit- 
ney [.'  test ),  Eony  children  (66' i )  were  dischaiged 
alter  nebulized  racemic  epinephrine  and  4  hours 
ol  observation.  No  patients  returned  to  the  emer- 
gency department  witliin  24  houis  for  further  Ux;at- 
menl.  Two  patients  could  not  be  contacted.  The 
95%  confidence  interval  for  0/38  patients  with  a 
negative  outcome  is  (0-9.3'*).  We  conclude  that 
children  w  ith  croup  treated  w  ith  dexamethasone 
and  mist,  receiving  I  nebulized  racemic  epi- 
nephrine treatment,  can  be  discharged  after  a 
4-hour  period  of  ohsersation  if  they  appear  clin- 


ically well  to  an  experienced  physician.  ;md  il  close 
follow-up  can  be  established. 

Can  Physical  .\ctivily  Minimize  Weight  (Iain 
in    Women    after    Smoking    Cessation?  —1 

Kawachi,  RJ  Troisi.  AG  Riitnitzky.  EH  Coakley. 
GA  Coldit/.  Am  J  Public  Health  1996:86(7):  999. 

OBJECTIVES:  The  purpose  of  this  study  was  to 
examine  prospectively  whetlier  exercise  can  mixl- 
ify  weight  gain  after  smoking  cessation  in  women. 
METHODS:  Data  were  analyzed  from  a  2-year 
follow-up  period  (1986-1988)  in  the  Nurses' 
Health  Study,  an  ongoing  cohort  of  121,700  U.S. 
women  aged  40  to  75  in  1986.  RESULTS:  The 
average  weight  gain  over  2  years  was  3.0  kg  in 
the  1 .474  women  who  stopped  smoking,  and  0.6 
kg  among  the  7.832  women  who  continued  smok- 
ing. Among  women  smoking  I  to  24  cigarettes 
per  day,  those  who  quit  without  changing  their  lev- 
els of  exercise  gained  an  average  of  2.3  kg  more 
(95';f  confidence  interval  [Clj  =  1.9,  2.6)  than 
women  who  continued  smoking.  Women  who  quit 
and  increased  exercise  by  between  8  to  16  MET- 
hours  (the  work  metabolic  rate  divided  by  the  rest- 
ing metabolic  rale)  per  week  gained  1 .8  kg  (95'i?' 


CI  =  1 .0, 2.5),  and  the  excess  weight  gain  was  only 

1.3  kg  (95'!fc  CI  =  0.7,  1.9)  in  women  who 
increased  exercise  by  more  than  16  MET-hours 
per  week.  CONCLUSIONS:  Smoking  cessation 
is  associated  wiUi  a  net  excess  weight  gain  of  about 

2.4  kg  in  middle-aged  women.  However,  this 
weight  gain  is  minimized  if  smoking  cessation  is 
accompanied  by  a  moderate  increase  in  the  level 
of  physical  activity. 

Inlluences  of  Cardiorespiratory  Fitness  and 
Other  Precursors  on  Cardiovascular  Disease 
and  AU-Caasc  Mortality  in  Men  and  Women — 

SN  Blair.  JB  Kampen.  H\\  Kohl  111,  CH  Barlow. 
CA  Macera.  RS  Paffenbarger  Jr.  LW  Gibbons. 
JAMA.  1996:276(3):205. 

OBJECTIVE:  To  quantify  the  relation  of  car- 
diorespiratory fitness  to  cardiovascular  disease 
(CVD)  mortality  and  to  all-cause  mortality  within 
strata  of  other  personal  characteristics  that  pre- 
dispose to  early  mortality.  DESIGN:  Observational 
cohort  study.  We  calculated  CVD  and  all-cause 
death  rates  for  low  ( least  fit  20'7r ),  moderate  ( next 
40'^'r ).  and  high  ( most  fit  4()9r )  fitness  categories 
by  stfata  ot  smoking  habit,  cholesterol  level,  bltxxl 
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pressure,  and  health  status.  SETTING:  Pre\en- 
tive  medicine  clinic.  STUDY  PARTICIPANTS; 
Participants  were  25,341  men  and  7,080  women 
V.  h(i  completed  preventive  medical  examinations, 
including  a  maximal  exercise  lest.  MAIN  OUT- 
COME MEASURES;  C;irdiova.scular  disease  ;md 
all-cause  mortality.  RESULTS;  There  were  601 
deaths  during  21  1.4%  man-years  of  follow-up. 
and  89  deaths  during  .S2.982  woman-years  of  fol- 
low-up. Independent  predictors  of  mortality  ;uiiong 
men,  with  adjusted  relative  risks  (RRs)  and  95'/''r 
confidence  intervals  (CIs),  were  low  fitness  (RR. 
1.52;  95"*  CI,  1.28-1.82),  smoking  (RR.  1.65;  95% 
CI,  1.39-1.97),  abnomial  electrocardiogram  (RR, 
1.64;  95%  CI,  1.34-2.01),  chronic  illness  (RR, 
1 .63;  957r  CI,  1 .37- 1 .95 ),  increased  cholcs[erol 
leveKRR.  1.34,95'7f  CI.  1.1.3-1.591.  and  elevated 
systolic  blood  pressure  (RR,  1.34;  95%  CI,  1.1.3- 
1 .59).  The  only  statistically  significant  independeni 
predictors  of  mortality  in  women  were  low  fitness 
(RR,  2.10;  95%  CI,  1.36-3.21)  and  smoking  (RR, 
1.99;  95%  CI,  1.25-3.17).  Inverse  gradients  were 
seen  for  mortality  across  fitness  categories  within 
strata  of  other  mortality  predictors  for  both  sexes. 
Fit  persons  w  ith  any  combination  of  smoking,  ele- 
\ated  blood  pressure,  or  ele\  ated  cholesterol  lev  el 
had  lower  adjusted  death  rates  than  low-fit  per- 
sons with  none  of  these  characteristics.  CON- 
CLUSIONS; Low  fiuiess  is  an  important  precursor 
of  monality.  The  protective  effect  of  fitness  held 
for  smokers  and  nonsmokers.  tliose  with  and  with- 
out ele\  ated  cholesterol  levels  or  elevated  blood 
pressun;.  and  unhealthy  and  healthy  persons.  Mod- 
erate fitness  seems  to  protect  against  the  influence 
of  these  other  predictors  on  mortality.  Physicians 
should  encourage  sedentary  patients  to  become 
physically  active  and  thereby  reduce  the  risk  of 
premature  mortality. 

Physical  Acti\ity  and  Cardiovascular  Health — 

NIH  Consensus  Developmenl  Panel  on  Physical 
Activity  and  Cardiovascular  Health.  JAMA 
1996;276(3);241. 

OBJECTIVE;  To  provide  physicians  and  the  gen- 
eral public  w  ith  a  responsible  assessment  of  the 
relationship  between  physical  activity  and  car- 
diovascular health.  PARTICIPANTS;  A  non- 
federal, nonadvocate,  13-member  panel  repre- 
senting the  fields  of  cardiology,  psychology, 
exercise  physiology,  nutrition,  pediatrics,  public 
health,  and  epidemiology.  In  addition,  27  experts 
in  cardiology,  psychology,  epidemiology,  exer- 
cise physiology,  geriatrics,  nutrition,  pediatrics, 
public  health,  and  sports  medicine  presented  data 
to  the  panel  and  a  conference  audience  of  600  dur- 
ing a  2-day  public  session.  Questions  and  state- 
ments from  conference  attendees  were  considered 
during  the  open  session.  Closed  deliberations  by 
the  panel  occurred  during  the  remainder  of  tlie  sec- 
ond day  and  the  morning  of  the  third  day.  EVI- 
DENCE: The  literature  was  searched  through 
MEDLINE,  and  an  extensive  bibliography  of  ref- 
erences was  provided  to  the  panel  and  the  con- 


ference audience.  Experts  prepared  abstracts  with 
relevant  citations  from  the  literature.  Scientific 
evidence  was  given  precedence  over  clinical  anec- 
dotal experience.  CONSENSUS  PROCESS:  The 
panel,  answering  predefined  questions,  developed 
their  conclusions  based  on  the  scientific  evidence 
presented  in  open  forum  and  the  scientific  liter- 
ature. CONSENSUS  STATEMENT:  The  panel 
composed  a  draft  statement  that  w  as  read  in  its 
entirety  and  circulated  to  the  experts  and  the  audi- 
ence for  comment.  Thereafter,  the  panel  resolved 
conflicting  recommendations  and  released  a 
revised  statement  at  the  end  of  the  conference.  The 
panel  finalized  the  revisions  within  a  few  weeks 
after  the  conference.  CONCLUSIONS:  All  Amer- 
icans should  engage  in  regular  physical  activity 
at  a  level  appropriate  to  their  capacity,  needs,  and 
interest.  Children  and  adults  alike  should  set  a  goal 
of  accumulating  at  least  30  minutes  of  moderate- 
intensity  physical  activity  on  most,  and  preferably 
all,  days  of  the  week.  Most  Americans  have  lit- 
tle or  no  physical  activity  in  their  daily  lives,  and 
accumulating  evidence  indicates  that  physical  inac- 
tivity is  a  major  risk  factor  for  cardiovascular  dis- 
ease. However,  moderate  levels  of  physical  activ- 
ity confer  significant  health  benefits.  Even  those 
who  cuiTently  meet  these  daily  standards  may 
derive  additional  health  and  fitness  benefits  by 
becoming  more  physically  active  or  including 
more  vigorous  activity.  For  those  with  known  car- 
dio\  ascular  disease,  cardiac  rehabilitation  prograius 
that  combine  physical  activity  with  reduction  in 
other  risk  factors  should  be  more  widely  used. 

Early  versus  Late  Identification  of  Infants  at 
High  Risk  of  Developing  Moderate  to  .Severe 
Bronchopulmonary  Dysplasia — HJ  Rozycki,  L 
NarUi.  Pediatr  Piilmonol  1996:21:345. 

We  developed  a  simple  method  to  identify 
neonates  at  high  risk  of  bronchopulmonary  dys- 
plasia (BPD)  and  determined  whether  early  (8 
hours)  and  late  ( 14  days)  risk  assessment  is  equally 
useful.  A  retrospective  cohort  design  was  utilized 
of  subjects  enrolled  in  multi-dose  surfactant  tri- 
als to  develop  each  risk  identification  model. 
Prospective  testing  of  the  late  14-day  model  was 
done  to  detemiine  accuracy.  The  primary  outcome 
variable  (moderate  to  severe  BPD)  was  defined 
as  the  need  for  oxygen  and  mechanical  ventila- 
tion beyond  28  days  of  life  and  significant  chest 
X-ray  changes.  Variables  were  screened  for  inclu- 
sion in  the  models  by  univariate  and  multiple 
regression  analysis  of  data  available  at  14  days 
or  8  hours  of  life,  converted  to  yes-no  variables 
by  the  use  of  receiver-operator  curves;  the  final 
model  was  based  on  those  variables  that  gave  the 
highest  sensitivity  and  specificity  for  identifying 
BPD  risk.  Thirty-eight  out  of  1 16  of  the  14-day 
model  subjects  developed  BPD.  The  14-day  model 
[F|0;  S  0.30  and  ventilation  index  (defined  as 
1 0.000/peak  pressure  x  rate  x  Pco;)  <  0.5 10  (or 
<  0.800  if  pre\  iously  septic)]  had  a  sensitivity  of 
82%  and  specificity  of  89% .  It  accurately  iden- 


tified 83%  of  cases  (51/61)  during  a  1-year 
prospective  test.  The  positive  predictive  value  was 
81%  and  negative  predictive  value  88%.  Forty- 
four  of  the  698  early  8-hour  model  subjects  devel- 
oped BPD.  The  8-hour  model  [gestational  age  < 
3 1  w  eeks.  5-minute  Apgar  <  9.  ventilator  rate  > 
23  breaths/min,  and  ventilation  index  <  0.8951  had 
a  sensitivity  of  73%,  specificity  of  83%.  negative 
predictive  value  of  98%  but  positive  predictive 
\  alue  of  t)nly  22% .  These  observations  indicated 
that  clinical  data  can  create  an  accurate  and  sim- 
ple model  to  classify  infants  into  high-  or  low-risk 
groups  for  BPD.  Using  such  models  very  early 
in  life  (eg,  at  8  hours)  may  lead  to  a  high  num- 
ber of  false-positive  identifications. 
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Individual  Independent  Study  Packages 
(IISPs)  Help  Practitioners  Expand  Their 
Respiratory  Care  Knowledge 


An  Introduction  to 

Hemodynamic 

Monitoring 

PE-11 


AARC 

Individual 
Independent 

Study 
Package 


An  Introduction  to  Hemodynamic 
Monitoring 

This  IISP  teaches  \ou  to  recognize  the  types  of 
ce]uipment  used  for  hemodynamic  measurements.  It  also 
instructs  ni  position  of  the  pressure  transducer, 
identification  of  pressure  waveforms,  and  measurement 
of  cardiac  output.  Discusses  anatomic  normal  pressure 
values,  oxygen  saturation  values,  and  the  two  major 
determinants  of  cardiac  output. 

Item  PE11 

Tracheal  Intubation  I:  Upper  Airway 
Anatomy  and  Goals  of  Intubation 

After  completing  this  IISP,  vou  will  undeistand  the 
rationale  for  tracheal  intubation  and  be  able  to  identify 
the  unportant  landmarks  of  upper  airwa\'  anatomv. 

Item  CP4 

Tracheal  Intubation  II:  Routes  of 
intubation 

Describes  the  four  routes  of  tracheal  intubation  and 
some  advantages  and  hazards  of  each.  Also  presents  the 
process  for  selectuig  the  most  suitable  route  in  a  given 
situation. 

Item  CP5 


Pulmonary  Edema  |£ULJ 


Re\  lew  b  normal  anatoin\'  and  ph\siolog\,  and  highlights 
the  pathophysiologic  processes  of  pulmonary  edema  and 
the  clinical  presentation  of  the  abnormality.  Also 
identifies  patients  at  risk  and  appropriate  interventions 
available  to  diminish  the  impact  of  the  condition. 

Item  CP10 


$1 1  each  ($16  nonmembers) 

Order  M  36  HSPs  and  Save! 

item  CP99  $235  ($342  nonmembers) 

■>  Order  by  Credit  Cird  or  Purchase  Order,  Call  the  RC  Week  Hmline  at  (214)  406-4684. 


Clinical  Practice 

Chest  Tubes  and  Pleural  Drainage 
Item  CP3 

Tracheal  Intubation  III:  Equipment  Procedures 
for  Intubation 
Item  CP6 

Respiratory  Management  of  Neuromuscular  Crisis 
Item  CP7 

Respiratory  Management  of  Flail  Chest 
Item  CP8 

Respirator\'  Management  of  Head  Trauma 
Item  CP9 

Clinical  Science 

Transpulmonary  Pressure  Changes  in  Breathing 
Item  CSS 

Lung  Mechanics 
Item  CS6 

Practical  Application  of  Gas  Laws 
Item  CS7 

Tonicit^-  of  Solutions  and  the  Respiratory  Tract 
Item  CSS 

Carbon  Monoxide  Inhalation:  Introduction  to 
Physiologic  Effects  and  Respiratory  Management 
Item  CS9 

Electrical  Safety  in  Respiratory  Therapy  I: 

Basic  Electrical  Circuitry 

ltemCS12 

Electrical  Safety  in  Respiratory  Therapy  II: 
Identification  of  Electrical  Hazards 
Item  CS13 

Bronchodilators  I:  Sympathomimetic  Amines 
ltemCS14 

Bronchodilators  II:  Anti-Cholinergics  and  Xanthines 
ItemCSIS 

Calculation  and  Preparation  of  Respiratory  Medications 
Item  CS16 

Microbiology  for  Respiratory  Therapy:  A  Review  of 
Microbial  Growth  and  Cross-Contamination 
ItemCSI? 


Classification  of  Mechanical  Ventilators  I 
Item  CS18 

Classification  of  Mechanical  Ventilators  II 
ltemCS19 

Classification  of  Mechanical  Ventilators  III 
Item  CS20 

Venlilation/Perfusion  Relationships  in 
Health  and  Disease 
Item  CS21 

Neonatal 

Recognition  and  Stabilization  of  the  Premature  Infant 
in  Respiratory  Distress 
Item  NN1 

Patient  Evaluation 

Pulmonary  Function  Assessment  I: 
Basic  Screening  Studies 
Item  PE3 

Pulmonary  Function  Assessment  II:  Bedside  Studies 
Item  PE4 


Pulmonary  Function  Assessment  III:  Lung  Volume 

Detcrmin. 

Item  PES 


Determination  and  Closing  Volume  Studies 


Body  Plethysmography 
Item  PE6 

Sources  of  Error  in  the  Determination  of  Blood  Gas 
Values  and  pH 
Item  PE7 

Temperature  Adjustment  of  Blood  Gases  and  pH 
Item  PES 

Measurement  of  Static  Compliances  and  Dynamic 
Characteristics  Curves  During  Mechanical  Ventilation 
Item  PE9 

Arterial  Blood  Gas  Interpretation 
Item  PE10 

Physical  Assessment 
Item  PE12 

Smoking  Cessation 

Nicotine  Dependency  Evaluation  and  Treatment 
Item  SCI 

Bedside  Counseling  of  the  Hospitahzed  Smoker 
Item  SC2 


F.IX  Your  Order  24  Hours-A-Dav  to  (214)  484-2720  or  (214)  484-6010. 
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Accuracy  and  Precision  of  a  Point-of-Care  Blood  Gas  Analyzer 

Incorporating  Optodes 

Neil  R  Maclnlyre  MD,  Brian  I.awlor  RRT,  Donna  Carstens  Ml),  and  Dennis  Yetsko  RRT 


BACK(;R0UND:  a  new  generation  of  blood  gas  analyzers  has  appeared,  and 
these  analyzers  are  said  to  be  easy  to  use,  portable,  battery-powered,  and  poten- 
tially less  expensive  than  conventional  systems.  These  systems  allow  lor  poiiit- 
of-care  analysis  in  emergency  rooms,  intensive  eare  units,  outpatient  settings, 
and  transport  vehicles.  However,  the  accuracy  and  precision  of  these  ana- 
lyzers must  be  established  before  they  can  be  used  interchangeabl>  with  stan- 
dard lai)oratory  analyzers.  We,  thus,  undertook  an  e>aiuation  of  one  such 
system,  the  OPTI  1  (AVL  Scientific  Corporation,  Roswell  GA).  MKTHODS: 
Two  tvpes  of  evaluation  were  performed.  The  llrst  was  an  analvsis  of  paired- 
sample  measurements  on  1 14  randoml\  selected  patient  blood  samples  using 
the  new  system  and  our  standard  analyzer.  The  second  analysis  consisted  of 
using  standard  reference  material  to  assess  reproducibilitv  (precision)  of  the 
analyzer  o>er  a  20-da\  period.  KKSl  LIS:  In  the  paired-sample  analysis,  the 
correlation  coefficients  for  the  v  alues  determined  b}  the  two  systems  show  ed 
a  significant  relationship  (r  ^  0.962  for  pH.  r  =  ().W55  for  P,  ,,„  and  r  =  ().9S29 
for  P( ), ).  I  sing  the  means  and  standard  de\  iations  of  the  observ  ed  diflerences, 
in  conjunction  with  Clinical  Laborat(»ry  Improvement  Amendment  (CLIA) 
standards  and  the  1995  College  of  American  Pathologv  Blood  (ias  Survey 
Reporting  data,  we  calculated  that  the  observed  range  of  ditferences  is  within 
"interchangeability"  ranges.  CONCLUSION:  We  conclude  that  the  OPTI  I 
analyzer  has  adequate  accuracy  and  precision  for  use  in  the  clinical  arena. 
I  Rcspir  Cai V  I  W6;4 1 1 9 );.S()()-8()4 1 


Background 

The  ahiliis  lo  iikvisurc  pH.  I',,  .  and  Pco,  (so-called  hlood 
gases)  has  been  a  cornerstone  of  diagnosis  and  monitoring 
in  a  variety  ofcardiorespiratoiy  disorders.'  Standard  laborator\ 
anaiy/ers  usually  iitili/e  3  separate  eleetrodes  to  delernime 
these  values  in  hlnotl  sam|iles.  Ii()\\e\ei'.  slantlard  anaK/ers 


lliL-  aullmrs  are  associalcd  with  RcspiialcuA  Care  Serxiees.  Dui^e  Unisei- 
sily  Medieal  Centei".  liurhain.  North  C'aruliiia. 

The  authiirs  have  no  direct  linaiieial  interest  in  the  products  evaluated; 
however,  Dr  Maclntyre  is  a  consullant  to  AVI.  .Scientinc  Corp. 

Reprints;  Neil  R  Maclntvie  MD.  Respiratory  Care  Services.  Box  .^911. 
Duke  L'ni\eisit\  Medical  Center.  Durham  NC  27710. 


are  e\petisi\e  and  rec|iiiie  freciuent  ealibration  and  dedicated 
pel  sonnel  lor  jiroper  o|vrali(iii.  lieeause  of  this.  the\  are  usu- 
alK  loealed  in  eenlral  hospital  lahoratories.  and  samples  iiiusl 
he  hrintghl  lor  analysis  frdin  the  poitii  ol'eare  by  messengers 
or  lube  systems. 

In  recent  years,  blood  gas  analyzers  have  been  developed 
that  are  potentially  less  expensive  and  easy  for  nontechni- 
eal  personnel  to  calibrate  and  use.' '  Moreover,  these  sy  stems 
are  lighlvveight.  have  a  short  warm-up  period,  and  can  be  bat- 
tery powered — features  iluti  allow  lot  poini-of-care  (POC) 
testing  because  the  analy/ercan  be  brought  to  the  patient  in 
the  emergency  room,  intensive  care  unit  (ICU).  physician's 
office,  or  transport  v  ehiele.  Rapid,  potentially  less  expensive 
bltnid  gas  analysis  can  therefore  be  made  widely  available. 
Examples  of  currently  available  POC  devices  are  listed  in 
Table  I. 
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Table  1 .      Characterislics  of  Poinl-of-Care  BlooJ  Gas-pH  Analyzers  Based  on  Manuracturer's  Spccilications 


AVL 

Diametrics 

PPG  Biomedical 

i-Stat 

OPTI  1 

IRMA 

Stat  Pal  2 

Sample  size 

80  pL 

200  ^L 

800 /jL 

90;jL 

Analysis  time 

90s 

90s 

60s 

120  s 

Range  of  measuremenis 

pH  (units) 

6.9-7.7 

6.8-7.8 

6.8-7.8 

6.8-8 

Pco  (tOITl 

10-120 

4-130 

1-99 

10-100 

Po-  (toiT) 

20-500 

20-500 

0-600 

5-800 

Poucr  siippiv 

batterv/AC 

battery 

battery 

battery 

Scnsoi 

fluorescence 

electrochemical. 

electrochemical. 

microelectrodes. 

thick  film 

thick  film 

thick  lilm 

Patient  samples 

per 

analysis  package 

1 

1 

8.  15.  .10 

1 

Because  accuracy  of  blood  gas  results  is  obviously  impor- 
laiil.  poiiit-ot"-care  analyzers  must  be  shown  to  be  comptirable 
to  standard  systems  before  widespread  use  can  be  recoiu- 
mended.-  We  undertook  an  assessment  of  one  such  system, 
the  OPTI  1  (AVL  Scientific  Corp.  Rosweli  GA).  This  par- 
ticular system  uses  optodes  (optical  sensors  using  fluores- 
cence properties  of  the  testing  material)  to  measure  pH.  Po,. 
and  Pco-  in  small  samples.^  This  system  incorporates  a  sin- 
gle-use sample  chamber  with  sensors  that  have  been  subjected 
to  a  6-point  calibration  routine  by  the  manufacturer.  Blood 
samples  are  drawn  into  this  chamber  and  analyzed  in  approx- 
imately 90  seconds. 

The  goal  of  our  study  was  to  assess  the  accuracy  and  the 
precision  of  this  analyzer.  Accuracy  and  precision  in  whole 
blood  were  assessed  by  comparing  the  OPTI  1  analyzer  results 
with  results  obtained  from  our  standard  laboratory  analyzer 
( ABL-50().  Radiometer.  Copenhagen)  on  the  same  sample. 
Precision  was  further  assessed  by  doing  repeated  measures 
on  both  a  standard  reference  cassette  and  on  aqueous  control 
material  over  a  2()-day  period. 

Methods 

On  each  day  of  the  20-day  period,  the  OPTI  1  analyzer 
was  subjected  to  the  manufacturer's  wann-up  and  quality  con- 
trol procedures,  using  optical  simulators  (""standard  reference 
cassettes"').  Accuracy  and  precision  of  the  analyzer  were 
assessed  using  whole  blood,  and  precision  was  assessed  using 
standard  samples. 

Accuracy  &  Precision  Using  Whole  Blood 

Blood  samples  (2-3  mL)  taken  from  hospitalized  adult 
patients  for  clinical  reasons  were  analyzed  on  both  the 
OPTI  I  analyzer  and  on  the  standard  laboratory  analyzer. 
The  laboratory  analyzer  was  calibrated,  mtiintained.  and  ser- 
viced according  to  manufacturer's  specifications.  Moreover, 
this  analyzer  was  subject  to  Medicare-mandated  quality  con- 
trol procedures  (Clinical  Laboratories  Improvement  Act. 


or  CLIA)''  and  was  part  of  the  College  of  American  Pathol- 
ogists (CAP)  proficiency  program  and  certification  process. 
Blood  samples  were  delivered  to  the  laboratory  by  a  tube 
system  from  one  of  several  intensive  care  units.  After  clear- 
ance of  any  visible  air  bubbles,  split  samples  were  run  imme- 
diately through  each  analyzer  in  random  sequence.  A  cer- 
tified laboratory  technician  performed  analysis  on  the 
standard  analyzer.  One  of  us  (DC),  a  physician  not  formally 
trained  in  laboratory  procedures,  performed  the  analysis  on 
the  OPTI  1  system.  Results  for  pH.  Po,.  and  Pco;  from  the 
two  analyzers  were  then  assessed  by  linear  regression  from 
which  the  slope,  intercept,  and  correlation  coefficient  of  the 
relationship  were  calculated.  The  mean  and  siaiidaid  devi- 
ation (SD)  of  the  differences  between  the  paired  results  were 
also  calculaicd. 

Precision  Assessment  Using  Standard  Samples 

Precision  w  as  assessed  using  both  a  siand;u"d  reference  cas- 
sette (SRC)  and  an  aqueous  control  solution.  Two  SRCs  were 
used — one  v\  ith  optical  characteristics  simuUiting  a  blood  sam- 
ple with  high  values  for  P(>.  Pcx):-  and  pH.  tind  one  with  chai"- 
acteristics  simulating  low  values.  These  cassettes  were  ana- 
lyzed each  morning  for  20  consecuii\e  working  days  by  a 
certified  laboratory  technician  to  establish  reproducibility  of 
the  analyzer  (ie.  precision).  Precision  was  expressed  as  the 
coefficient  of  variation  (ie.  SD/mean  x  100)  for  the  20  sam- 
ples). Two  aqueous  control  samples  were  also  tested  each 
morning  for  20  consecutive  working  days.  Tliese  aqueous  con- 
trols had  either  high  or  low  values  for  Po;.  Pco;.  and  pH.  Pre- 
cision was  again  expressed  as  the  coefficient  ot  variation  (ie, 
SD/mean  x  100)  for  the  20  samples. 

Results 

Accuracy  &  Precision  Assessment  Using  Whole  Blood 

The  results  of  the  analysis  of  the  1 14  blood  samples  on  both 
the  OPTI  1  analvzer  and  the  standaid  labotator\  analyzer  are 
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shown  (Fig.  1 ).  The  correlation  coefficients  for  Po;.  Pco:-  ^ind 
pH  were  all  high  and  ranged  from  0.9692  to  0.9955.  The  slopes 
for  all  3  measurements  were  close  to  1 .0  (0.96  to  1 .03 )  and 
the  y  intercepts  for  all  3  measurements  were  close  to  zero.  Table 
2  lists  the  means  and  standard  deviations  of  the  differences 
for  all  paired  samples  of  pH.  Pq:-  and  Pco;-  In  Figure  2,  dif- 
ferences between  values  for  the  3  v;iriables  determined  b>'  the 
2  analyzers  are  plotted  against  the  means  of  the  values  obtained 
(ie,  Bland-Altman  plots). 

Table  2.  Means  and  Standard  De\  iatiims  of  the  lndi\  idual  Differences 
in  114  Paired-Sample  Blood  Gas  and  pH  Measurements  Per- 
formed on  the  OPTl  1  and  the  ABL  500 


A         7  6  -, 


pH  (units) 
Pco;  (torr) 
Po:  (torr) 


-0.010±0.017 

1.59  ±1.44 

-3.86  ±4.98 


Precision  Studies  Using  Standard  Samples 

The  coefficients  of  variation  (CV )  for  both  the  SRC  sam- 
ple and  the  aqueous  control  sample  over  the  20-day  testing 
period  are  reported  in  Table  3. 

Table  3.     Coefficients  of  Variation  (CV)  for  Repeated  Measurements 
of  Standard  Reference  Cassettes  and  Aqueous  Controls  (AC) 
on  the  OPTl  1  System 


Standard 

Coefficient 

Mean 

Deviation 

of  Variation 

Standard  Re 

erenct 

Cassettes 

(n  =  20) 

pH 

Lou 

7.100 

0.001 

O.OU'.i 

High 

7.570 

0.001 

0.013% 

Hct): 
Low 

20.0 

0.11 

0.55% 

High 

70.1 

0.12 

0.17% 

Low 

54.8 

0.16 

0.29% 

High 

164.8 

0.27 

0.16% 

Aqueous  Controls 

(n  =  20) 

pH 

1  ,ow 

7.127 

0,008 

0.12% 

Hii!h 

• 

7.392 

0,011 

0.15% 

Pro. 
1  .ow 

47.64 

0.911 

1 .93% 

High 

77.93 

1.74 

2.23% 

Low 

81,02 

4.27 

5.27% 

High 

104.94 

8.49 

8.09% 

Discussion 

One  facet  of  assessment  o\'  analyzer  performance  is  the 
measiircmeiil  of  accuracv  and  precision.  ,Accurac\  is  usu- 


7.1 


7,2  7  3  7  4  7  5 

ABL-500  pH  Value 


20 


40  60  80  100 

ABL-500  Pco2  (torr) 


0         200  -1 


0  50  too  150 

ABL-500  Po.,  (torr) 

Fig.  1 ,  Plot  of  values  from  analysis  of  114  whole-blood  samples  by 

ABL-500  (horizontal  axis)  and  the  OPTl  1  (vertical  axis)  with = 

regression  and  -  -  -  =  identity  line,  A.  pH  determinations.  Regres- 
sion equation:  OPTl  1  =  0,9643  ABL-500  +  0,2538  (r  =  0,9692).  B. 
Pco  determinations.  Regression  equation:  OPTl  1  =  1.0304  ABL- 
500  +  0.386  (r  =  0.9955).  0.  Po=  determinations.  Regression  equa- 
tion: OPTl  1  =  0,9707  ABL  500  -  1 .387  (r  =  0.9829). 
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Fig.  2.  Bland-Altman  plot  of  values  from  analysis  of  114  whole- 
blood  samples  by  ABL-500  and  OPTI  1.  Differences  between  ABL- 
500  and  OPTI  1  values  (vertical  axis)  are  plotted  against  means  of 
ABL-500  and  OPT  1  values  (horizontal  axis).  A.  pH.  B.  Pcq,.  C.  Pqj. 


ally  expressed  as  the  dift'eience  between  the  ;inalyzer's  results 
and  a  gold  standard.  Precision  reflects  the  stability  or  repro- 
ducibility of  the  analyzer  and  is  usually  expressed  as  the 
standard  deviation  or  as  the  coefficient  of  variation  (co- 
efficient of  variation  =  standard  deviation/mean  x  100)  of 
repeated  measurements. 

In  the  present  study,  we  as.sessed  accuracy  and  precision 
of  the  OPTI  1  analyzer  in  several  ways.  Accuracy  was  assessed 
b\  comparing  results  of  paired-sample  measurements  using 
the  standard  laboratory  analyzer  as  the  gold  standard.  Pre- 
cision was  assessed  by  determining  both  the  variability  of 
these  paired-sample  accuracy  measurements  and  the  repro- 
ducibility of  measurements  using  a  standard  reference  cas- 
sette and  an  aqueous  control. 

The  important  question,  of  coinse.  is  whether  the  results 
of  these  accuracy  and  precision  determinations  are  sufficiently 
good  to  justify  the  use  of  the  OPTI  I  analyzer  in  place  of  a 
standard  analyzer.  To  address  this.  Bland  and  Altman^  have 
suggested  that  if  the  range  encompassed  by  the  mean  ±  2  SD 
of  ob.served  differences  on  paired  measurements  on  the  new 
and  the  standard  analyzer  is  "not  clinically  important."  then 
the  2  analyzers  may  be  used  interchangeably.  Modifying  this 
approach  to  define  "clinically  important'"  in  the  context  of  Medi- 
care and  the  CLI A  requirements  for  pH/blood-gas  proficiency 
standards,''  we  used  the  following  criteria  for  "interchange- 
ability":  Current  Medicare  CLIA  proficiency  standards'"  require 
that  80^r  of  samples  used  for  proficiency  testing  be  within 
±  0.04  units  of  a  pH  target.  ±  5  torr  (or  89c )  of  a  Pco;  target, 
and  ±  3  SD  of  a  Pq:  target  derived  from  participating  centers. 
If  we  substitute  our  standard  analyzer  results  as  these  target 
values  and  use  the  observed  mean  ±  2  SD  of  the  differences 
in  measurements  on  the  two  systems  (Table  2)  with  these  cri- 
teria, we  can  conclude  that  the  OPTI  1  analyzer  and  the  stan- 
dard analyzer  are  essentialK  interchangeable  (Table  4).  Sup- 
porting this  conclusion  is  the  fact  that  our  accuracy  and 
precision  calculations  are  comparable  to  (or  better  than)  other 
studies  of  interlaboratoiA'  \  ariability  of  measurements  in  blood 
gases  and  pH*^  '-  and  recent  assessments  of  continuous  arte- 
rial blood  gas  and  pH  iiionitors.'-'"' 


Tatile  4. 


Assessment  of  Intercfiangcability  of  a  New  OPT!  I  and  an 
Established  Analvzer  ABL  300.* 


Acceptable  CLIA 
Performance 


OPTI  1-ABL  SOO  Differences 
(Observed  Means  ±  2  .SD) 


pH  (units)  ±0.04 
PcO:  (torr)  ±  ? 
P(),  (torr)±  \5-5\- 


-0.04  to  +  0.02 
-1.2910  +  4.47 
-13.82  lo  +  fi.lO 


*  A  new  analyzer  is  consiilereii  inlerchangeahie  with  an  established  analyzer  if  the 
mean  ±  2  standard  deviations  (SD)  of  the  observed  differences  on  the  same  sample 
are  within  the  CLIA  mandated  targets. 
'80^/r  of  samples  must  he  within  the  range  of  target. 

Three  .SD  of  nlidrangc  Poj  samples  from  1 .848  laboratories  reporting  to  the 
College  of  .American  Pathology  aqueous  blood  gas  survey.  \^)95. 
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Provided  that  accuracy  and  precision  are  acceptable,  point- 
of-care  analyzers  otter  important  advantajjes  over  conven- 
tional analyzers  in  a  number  of  clinical  situations.  These  include 
potentially  low  expense,  portability,  and  the  capability  to  be 
rapidly  calibrated  and  readied  to  run  samples,  without  exten- 
sive warm-up  and  quality  control  procedures.  The  particu- 
lar analyzer  we  used  incorporates  optical  fluorescent  sensors. 
These  analyzers  operate  by  measurini;  tluorescence  that  is  pro- 
duced when  O2.  CO2.  and  H+  interact  with  .specific  fluorescing 
chemicals  immobilized  in  the  sample  chamber.  Medicare-CLIA 
regulations  require  2-point  calibration  and  quality  control  test- 
ing every  8  hours,  and  either  a  I -point  calibration  every  30 
minutes  or  a  l-point  calibration  prior  to  testing.  Quality  con- 
trol is  achieved  in  the  system  that  we  studied  by  using  a  6-point 
calibration  procedure  with  each  manufactured  batch  of  sam- 
ple chambers.  This  involves  calibration  of  the  chamber  by  the 
manufacturer  and  imprinting  this  information  on  a  bar  code 
attachment  on  the  chamber.  The  analyzer  'reads'  this  bar  code 
to  obtain  the  calibration  information.  In  addition,  an  aqueous 
buffer  is  present  in  each  sample  chamber  to  provide  a  l-point 
calibration  signal  inmiediately  prior  to  analysis. 

In  Conclusion 

We  believe  our  data  indicate  that  the  OPTI  1  analyzer  has 
acceptable  accuracy  and  precision  to  be  used  clinically.  Other 
systems  using  different  analysis  and  calibration  techniques 
also  exist  (Table  1 ).  Accuracy  and  precision  for  any  POC  sys- 
tem should  be  established  before  the  device  is  recommended 
for  widespread  use. 
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Accuracy  of  Electrolyte  and  Blood  Gas  Determinations  from  Samples 
Collected  in  Preheparinized  Syringes 

Mrsrinia  M  Ha\'er  PhD,  William  Eng  MT,  John  Douglas  Hussey  MBA  RRT, 
Daniel  D  Bankson  PhD,  and  Sambasiva  Lakshminarayan  MD 


BACKGROUND:  We  sought  to  determine  whether  commercially  prepared, 
heparinized  syringes  provide  accurate  results  for  both  blood  gas  and  elec- 
trolyte analysis  of  whole-blood  samples.  Because  of  heparin  binding,  either 
an  electrolyte-balanced  syringe  or  one  containing  only  minimal  amounts  of 
heparin  must  be  used  to  ensure  accurate  values  for  electrolytes  in  whole-blood 
determinations.  MP]THODS  &  MATP:RIALS:  We  evaluated  3  commercially 
available  heparinized  syringes:  ( 1 )  Becton  Dickinson  (BD)  standard  5-mL  liq- 
uid-heparin  syringe,  10(»  units  lithium-heparin/niL,  (2)  Radiometer  electrolyte- 
balanced  heparin  3-niL  syringe  (KB-R),  containing  Ca"-,  Na"-.  and  K*-hep- 
arin  in  lyophilized  form,  40  units/mL:  and  (3)  Martell  electrolyte-balanced 
heparin  3-mL  syringe  (EB-M),  containing  Li-  and  Zn-heparin  in  lyophilized 
form,  16.7  units/mL.  Blood  samples  from  13  normal  volunteers  and  8  criti- 
cally ill  ICU  patients  were  draw n  into  BD,  EB-R,  and  EB-M  syringes  and  into 
BD  SST  gel  tubes  (control).  Blood  was  assayed  on  a  Ciba-Corning  Model  288 
analyzer,  and  values  for  Ca++,  Na*.  and  K*  were  compared  with  values  obtained 
from  the  corresponding  serum  specimens  from  the  vacuum  tubes.  Results  were 
assessed  by  1-way  analysis  of  variance  ( ANOVA),  with  p  <  0.05  considered 
statistically  significant.  RESULTS:  Whole-blood  specimens  collected  in  the 
BD  syringe  yielded  values  for  Ca^  that  were  statistically  significantly  lower 
than  serum  values  from  samples  containing  no  anticoagulant  (values  decreased 
by  0.1  mmol/IJ.  Na"  and  K"  values  obtained  from  BD  syringes  were  less  affected. 
(Na+  values  differed  by  <  3  niEq/L  and  K"  values  <  0.2  niEq/I..)  Results  of 
analysis  of  whole-blood  samples  collected  in  EB-R  and  EB-M  syringes  did 
not  differ  significantly  from  results  obtained  from  analysis  of  serum  speci- 
mens (difference  for  Ca*^  <  0.02  mmol/L,  for  Na  <  2  niEqA..  and  K*  <  0.2 
niEq/Iv).  Blood  gas  determinations  were  not  different  among  the  3  heparinized 
syringes.  No  clotting  problems  were  observed  with  cither  the  EB-R  or  EB-M 
syringes.  CONCLUSIONS:  We  conclude  that  collection  in  the  BD  syringe  leads 
to  falsely  low  Ca^  results  because  of  the  syringe's  high  heparin  content.  The 
EB-R  and  EB-M  syringes  can  be  used  to  accurately  assess  whole-blood  Na\ 
K%and  Ca*\  |RespirCare  1996:41  (y):805-808] 


The  authors  are  assoL'ialcd  with  the  Veteran  Affairs  Puget  Sound  Health 
Care  System,  Seattle  Division.  Seattle.  Washington. 

The  authors  have  no  linancial  interest  in  the  products  described  in  the 
study  or  in  competing  products. 

Mr  Hussey  presented  an  abstract  based  on  this  stud)  at  the  OPEN  FORUM 
during  the  4 1  st  Annual  Convention  and  Exhibition  of  the  American  Associ- 
ation for  Respirator)  Care  in  Orlando.  Florida.  December  3-6.  1995. 

Repnnts:  John  Douglas  Hussey.  Respiratory  Care  Dept  ( 1 1  IB).  Veteran 
Affairs  Puget  Sound  Health  Care  System.  Seattle  Division.  1660  S 
Columbian  Way.  Seattle  WA  98108. 


Background 

Measurements  of  ionized  calcium  (Ca++)  are  used  increas- 
ingly in  circumstances  in  which  values  for  total  calcium  pro- 
vide an  incomplete  picuire  of  physiologic  status,  eg,  in  patients 
with  altered  proteins  (as  in  chronic  renal  failure,  nephrotic  syn- 
drome, or  malabsorption)  and  in  distinbances  of  acid-base 
metabolism  (as  in  surgical  patients  who  have  received  citrated 
blood,  heparin,  hicaiboiiate.  or  intravenous  solutions).  Newer 
insttuments  in  the  clinical  laboratory  now  pemiit  whole-blood 
deteiTninations  for  arterial  blood  gas  values  and  also  for  a  vi\ri- 
ety  of  electrolytes,  including  Na+.  K+.  and  Ca++. 


Respiratory  Care  •  September  "96  Vol  41  No  9 


805 


Electrolyte  &  Bloou  Gas  Determinations 


A  sometimes  unrcaignized  but  clinically  important  prob- 
lem is  the  use  of  heparin i/cd  whole-blood  specimens  forCa" 
assays.  Heparinized  blood  is  commonly  used  for  iirterial  blood 
gas  determinations;  however,  heparin  can  bind  or  chelate 
cations,  especially  Ca^,  producing  inaccurate  value.'-  The 
direction  and  magnitude  of  the  shift  depend  upon  the  cations 
being  observed  and  the  type  of  heparin  used.  Commercial 
products  developed  to  minimize  the  interference  with  Ca^' 
include  electrolyte-balanced  heparin,  very-low-concentra- 
tion heparin,  zinc-  (Zn)  heparin,  and  a  blcnii  of  lithium-  (Li) 
and  Zn-heparins. 

The  rationale  behind  these  products  is  that  ( I )  heparin  inter- 
ference in  Ca*^  assays  occurs  because  heparin  binds  Ca*^:  (2) 
heparin  has  multiple  cation-binding  sites  with  varying  affini- 
ties for  cations;  (3)  addition  of  Zn  binds  those  sites  that  have 
the  greatest  affinity  for  divalent  cations  (eg.  Zn^  and  Ca^), 
and  (4)  addition  of  Li  binds  low-aftlnity-cation  binding  sites 
and  minimizes  changes  in  blood  gas  variables. '■' 

One  study  suggests  that  electrolyte-balanced  heparin  elim- 
inates the  interference  with  Ca^^  and  other  electrt)lyte  deter- 
minations in  healthy  volunteers  and  patients  imdergoing  sur- 
gical procedures.^  Other  studies'"  have  examined  a  particular 
preparation  of  Li-  orZn-heparin  and  suggest  that  they  elim- 
inate the  interference  with  Ca^  measurements.  In  Ca^,  Na^. 
and  K*  analyses  of  venous  blood  collected  from  normal  vol- 
unteers in  syringes  with  varying  amounts  of  heparin,  the  bias 
of  Ca"^  results  was  found  to  increase  w  ith  increased  heparin 
concentration  in  the  syringes. - 

We  were  interested  in  verifying  manufacturers"  claims  for 
electrolyte-balanced  syringes  before  placing  a  particular  brand 
into  service  in  our  hospital.  We  had  historically  used  liquid 
heparin  for  blood  gas  analysis,  and  had  acquired  new  instru- 
mentation that  permitted  analysis  of  whole-blood  Na^  K^  and 
C'a*.  We  also  wanted  to  examine  the  utility  of  a  newer  com- 
mercial product  containing  a  mixture  of  Li-  and  Zn-heparin 
for  determination  of  Ca*",  Na*,  K+.  and  blood  gas  variables 
in  ICU  patients.  The  combined  analyses,  using  blood  from 
both  normal  volunteers  and  ICLI  patients,  were  performed  on 
nc\\L-r  insirumcntalion  not  pre\  ioiisly  reported. 

Materials  &  Method 

Blood  was  collected  from  the  forearm  veins  of  1  ?i  normal 
volunteers  and  from  arterial  lines  in  8  ICLI  patients,  after 
informed  consent  had  been  obtained  from  all  study  subjects 
in  accordance  with  Department  of  Veterans  Affairs  and  Uni- 
versity of  Washington  Human  .Subjects  Division  policies.  We 
studied  ?i  commercially  available  syringes  for  their  effect  on 
electrolyte  and  blood  gas  values:*  ( 1 )  Becton  Dickinson  (BD) 
standard  5-mL  liquid-heparin  syringe,  100  units  Li-heparin/ 


'Suppliers  ofcoinniercial  piodiicLs  are  lisleO  in  ihe  Product  .Sources  sec- 
lion  at  the  end  of  the  text. 


niL.  (2)  Radiometer  electrolyte-balanced  hepiuin  3-mL  syringe 
(EB-R).  containing  Ca^,  Na",  and  K*  heparin  in  lyophilized 
form,  40  units/mL;  and  (3)  Martell  electrolyte-balanced  hep- 
arin 3-mL  syringe  (EB-M).  containing  Li-  and  Zn-heparin  in 
lyophilized  fonii.  16.7  units/mL.  (llie  Martell  collection  device 
was  not  evaluated  in  normal  persons  because  the  syringes  were 
not  available  at  the  time.)  The  control  was  serum  collected 
in  a  BD  Vacutainer  .S.ST  gel  tube  containing  no  anticoagu- 
lant. This  served  as  an  adequate  control  because  it  contained 
no  anticoagulant  (to  potentially  bind  cations);  additionally, 
specimens  were  centrituged  promptly  and  the  serum  separated 
(anaerobically)  from  cells  to  prevent  artifactual  changes  in 
cation  concentrations  during  processing. 

Whole-blood  heparinized  specimens  (BD.  EB-R,  EB-M) 
and  serum  control  were  assessed  as  appropriate  for  Ca**, 
Na*.  K+,  pH,  P(),.  and  Pco:-  Electrolyte  and  pH  electrodes 
of  the  analyzer  were  calibrated  with  2  buffering  solutions, 
and  the  Pco?  and  Pq,  electrodes  were  calibrated  with  gas 
standards  provided  by  the  manufacturer.  A  2-point  calibration 
was  performed  automatically  every  2  hours,  and  a  1 -point 
calibration  was  performed  automatically  every  0.5  hours. 
Quality  control  was  assessed  using  2  levels  of  P(0:  and  Po? 
e\  ery  8  hours.  Tolerance  limits  were  set  at  ±  2  standard  devi- 
ations from  a  minimum  of  20  determinations.  Within-run 
precision,  or  coefficient  of  variaticMi  (CV)  for  Ca"^  was  set 
at  <  27c. 

Results  were  assessed  by  1-way  ANOVA,  with  p  <  0.05 
indicating  statistical  significance.  The  results  from  the  serum 
control  served  as  a  reference  or  'true"  value. 

Results 

Table  1  shows  that  whole  blood  Ca*^*  values  measured  in 
nomial  subjects  using  the  BD  standard  liquid-heparin  syringe 
are  significantly  lower  (decrease  of  0. 1  nnnol/L)  compared 
to  control  (serum)  values.  Smaller  changes  were  noted  for  Na^ 
and  K^.  (Values  were  lower  than  control  serum  by  <  3  mI3q/L 
for  Na*  and  <  0.2  niEq/L  for  K^.).  Every  specimen  collected 
in  the  BD  syringe  exhibited  a  decreased  value  for  Ca*^.  No 
statistically  significant  difference  in  Ca^,  Na\  or  K^  when 
compared  to  serum  control  was  measured  for  corresponding 
samples  collected  in  the  EB-R  syringe. 

Table  2  shows  that  whole-blood  Ca^  values  measured  in 
the  BD  standard  syringe  were  also  lower  in  ICIJ  patients,  com- 
pared to  EB-R.  EB-M.  and  control.  Again,  every  specimen 
collected  in  the  BD  syringe  exhibited  a  decrease  in  Ca'*^  com- 
pared to  control  or  EB-R  or  EB-M.  but  this  decrease  was  not 
found  to  be  statistically  significant.  Specimens  forCa**  col- 
lected in  the  EB-R  and  EB-M  syringes  showed  good  corre- 
lation with  sertuii  control,  with  no  statistically  significant  dif- 
ferences noted.  No  statistically  significant  difference  in  Na' 
and  K^  me;Lsurements  were  noted  in  these  patient  samples  when 
results  from  samples  collected  in  test  syringes  were  compared 
to  the  results  of  aiiaJNsis  of  the  serum  control. 
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Table  1 .      Values*  for  Electrolytes  Obtained  from  Whole  BlooJ  Collected  in  Various  Heparini/ed  Syringes,  Compared  to  Values  Obtained  Iroin 
Serum  in  13  Normal  Subjects. 


Cation 


Collection  Vessel  &  Specimen 


Ca~  mniol/L* 


Na*  niEq/L 


K"  mEq/L 


BD.  whole-blood  with  heparin 
EB-R.  whole-blood  w ith  heparin 
Vacuum  tube,  serum  with  no  heparin 


1.155(0.052)        p  =  0.0000r 
1.270(0.049)        p  =  0.468 
1.257(0.041)  — 


138.6(2.6)        p  =  0.006 
142.1  (1.6)        p  =  0.06 
141.0(1.2)  — 


4.01(0.35)  p  =  0.24 
3.94(0.34)  p  =  O.I9 
4.18(0.37)  — 


*AII  electrolyte  values  are  mean  (SD).  See  text  for  synnge  descnption. 
\\]\  p  values  are  for  comparisons  to  serum  values. 


Table  2.      Comparison  of  Electrolyte  Values  Obtained  from  Whole-Blood  Collected  in  Heparinized  Syringes  to  Values  Obtained  from  Serum  in  ! 
ICU  Patients. 


Cation 


Collection  Vessel  &  Specimen 


Ca"  mtiiol/L* 


Na'  iiiEq/L 


K-  niEq/L 


BD.  w hole  blood  with  heparin 
EB-R.  whole  blood  with  heparin 
EB-M.  whole  blood  with  heparin 
Vacuum  tube  (serum,  no  heparin) 


1.04(0.07)  p  =  O.I04' 

1.14(0.08)  p  =  0.62 

1.10(0.09)  p  =  0.771 
1.12(0.10)  — 


133(1.8)  p  =  0.273 

136(2.1)  p  =  0.06 

136(2.5)  p  =  0.19 

134(1.8)  — 


4.6(0.6)  p  =  0.63 

4.6(0.6)  p  =  0.69 

4.6(0.7)  p  =  0.78 
4.7  (0.7)  — 


*A11  electrolyte  values  are  mean  (SD).  See  text  for  syringe  description. 
'  All  p  values  are  for  comparisons  to  serum  values. 


No  Statistically  significant  differences  were  found  in  the 
assay  of  pH,  Pco:-  and  Pq;  among  the  3  collection  devices  in 
the  ICU  patient  specimens  (Table  3).  The  EB-M  syringe  exhib- 
ited a  slightly  higher  mean  Po,  compared  to  the  other  two 
devices.  pH  values  were  simikir  lunong  the  4  collection  devices. 

Table  3.  Values*  for  Blood  Gas  Variables  Obtained  from  Whole-Blood 
Arterial  Samples  Collected  froin  8  ICU  Patients  in  Hepanni/ed 
Syringes  Compared  to  Values  Obtained  from  Serum. 


Collection  Vessel  &  Specimen 


pH 


Pco;(torr)      P(i,(ton) 


EB-R.  whole  blood  with  heparin 
EB-M.  whole  blood  with  heparin 
BD.  whole  blood  with  heparin 
Vacuum  tube,  serum,  no  heparin 


7.37  (0.06) 
7.37  (0.06) 
7.38(0.05) 
7,40(0.05) 


38(4.0)  149(99.2) 
38(4.5)  154(104) 
37(4.3)      147(88.4) 


^Values  are  mean  (SD).  See  le.xt  for  synnge  description.  Values  are  not  statistically 
significantly  different  from  values  for  serum  pH  or  for  control  (BD  syringe)  for 
additional  blood  gas  variables 


Discussion 

With  the  advent  of  newer  instrumentation  in  the  clinical 
laboratory  that  can  measure  blood  gas  variables  (ie.  pH.  Pq,. 
Pco:)  and  a  variety  of  electrolytes  (eg,  Na+.  K+.  Ca^)  in  whole 
blood,  it  is  important  to  assess  the  effect  of  sample  collection 
and  anticoagulant  used  on  the  tests  to  be  determined.  To  min- 
imize sample  collection,  it  is  ideal  if  one  type  of  anticoagu- 
lant can  be  used  to  assess  all  variables  of  interest. 


Liquid  Li-hepaiin  is  a  common  anticoagulant  used  for  blood 
gas  determinations.  However,  the  BD  standard  syringe  con- 
taining liquid  Li-heparin  underestimates  Ca++  values  in  nor- 
mal persons,  compared  to  EB-R  and  control.  It  also  under- 
estimates Ca**  values  in  ICU  patients  compared  to  EB-R, 
EB-M,  and  serum  control.  Many  hospitals  heparinize  syringes 
for  collection  of  Ca*+  by  drawing  up  a  concentrated  solution 
of  liquid  Li-hepiirin  and  expelling  the  excess  before  sampling 
blood.  This  practice  may  still  introduce  inaccuracies  because 
of  binding  of  Ca^  by  residual  Li-heparin  and  the  dilution  of 
the  specimen,  by  the  heparin  solution  in  the  dead  space  of 
the  syringe. 

By  contrast,  whole-blood  Ca++,  Na*.  and  K*  measured  in 
tlie  EB-R  or  EB-M  (elecuolyte-balanced  Radiometer  or  Maitell 
syringes)  were  not  significantly  different  from  control  (serum) 
values.  This  indicates  that  these  syringes  with  lyophilized  hep- 
arin are  superior  to  liquid  heparin  for  Ca^  determinations 
because  the  possibility  of  specimen  dilution  is  eliminated,  the 
amount  of  heparin  present  in  the  syringe  is  balanced  (to  pre- 
\ent  excess  cation  chelation),  and  the  concentration  of  hep- 
arin is  tightly  controlled.  The  3  syringes  did  not  have  clini- 
cally significant  differences  in  Na+  or  K+  results  compared 
to  serum  control,  and  no  statistically  significant  differences 
in  blood  gas  variables  were  noted.  However,  this  decrease  was 
not  as  marked  (as  compared  with  data  in  Table  I),  possibly 
because  these  ICU  patients  were  already  hypocalcemic.  (Note 
the  low  mean  Ca"^  of  the  control  specimen. )  Thus,  the  decrease 
in  Ca^  observed  in  the  sample  from  the  BD  syringe  was  not 


Respiratory  Care  •  September  '96  Vol  41  No  9 


807 


Electrolyte  &  Blood  Gas  Determinations 


found  to  he  statisiiciilly  sijinificanl  in  this  palienl  population. 
The  small  negative  bias  (-2.4  niEq/L)  in  mean  sodium  val- 
ues among  normal  volunteers  observed  w hen  the  BD  syringe 
was  compared  to  serum  is  less  than  the  "medically  allowable 
error"  cited  in  the  literature  lor  this  analyte."  Similar  findings 
were  reported  for  the  EB-R  and  a  slightly  different  iyophilized 
I.i-heparin  product  (with  no  Zn.  and  less  heparin)  made  ear- 
lier by  Martell." 

Throughout  the  study,  no  clotting  problems  were  observed 
with  either  of  the  electrolyte-balanced  syringes,  despite  their 
lowered  heparin  content.  However,  good  mixing  of  the 
Iyophilized  heparin  w  iili  ihe  specimen  is  essential,  it  an  elec- 
trolyte-balanced syringe  is  not  used,  siuilies  suggest  that  a  picKl- 
uct  containing  sodium-  or  lithium-heparin  at  concentrations 
<  10  lU/mL  may  be  used.'""  We  presume  that  a  heparin  con- 
centration this  low  avoids  any  significant  chelation  (bimliiig) 
effect  on  cations.  However,  with  lower  heparin  concentrations. 
there  is  increased  potential  foi  specimens  to  clot  either  before 
or  diu'ing  analysis. 

Ihe  |iroblcm  ol  anticoagulant  and  chelation  of  cations  in 
the  measurement  of  whole-bkxxi  analytes  must  be  kept  in  miml 
as  new  instrumentation  (with  even  bioader  lest  menus) 
becomes  available,  loni/ed  magnesiimi  determinations  are 
now  available  on  some  analyzers,  and  the  ulilitv  of  the  bal- 
anced heparin  or  Li-  and  Zn-heparin  combinations  must  be 
assessed  in  the  determination  of  this  constituent.  .Also,  mea- 
surement of  total  Ca  or  Mg  may  be  affected  by  use  of  these 
anticoagulants.  Studies  have  indicated  that  the  balanced  hep- 
arin overestimates  total  Ca  because  Ca  has  been  added  to  help 
titrate  the  binding  sites  on  heparin.'  However,  the  Iv  ophili/ed 
l.i-  and  Zn-heparin  appears  to  be  suitable  for  meastuement 
ot  total  Ca.'  Total  Mg  measurements  exhibit  a  moilest  bias 
(0.08  inmol/L)  when  assayed  in  the  presence  of  the  Li-  and 
Zn-heparin.^ 

Many  conuiiercial  products  are  available  for  collectii)n 
of  whole-blood  specimens.  The  types  of  analytes  to  be  deter- 
mined must  be  considered  when  a  device  is  selected,  it  seems 
clear  from  our  study  and  others  that  liquid  heparin  shoulil 
be  avoided  forCa^*  determinations,  and  that  a  Ivophilized 
product,  such  as  the  EB-M  or  EB-R  offers  adv  antaiies.  when 


whole-blood  Ca*'  (in  addition  to  Na*.  K^.  and  blood  gases) 
is  to  be  measured. 

I'RODl  tTSOl  RtE.S 

lieparinized  SyrinKe.s: 

-"^-niL  liquKi  liL-|iannized  syringe.  I(X)  units  iitliium-heparin/mL.  Becnin- 

DiLkinson.  l-ninisiin  Lakes  NJ 
3-m],  eieetroiyte-balanced  lieparin  in  (yopliili/etl  rnnii.  40  unils/niL. 

Radiiiineler  .Anieiiea.  W'esllake  OH 
->-ml.e]eelrolylc-tialanced  heparin  syringe  il.li-M).  i.i-  and  Zn-lieparin 

ni  l\opliili/ed  riinn,  17  units/mL.  Marlell  Medical  Products.  Temee- 

ula  CA 

Ci)lleition  Vessel  (for  serum,  uithoul  heparini: 

BD  Vaculainer  SST  gel  tuhe.  Becton-Dickinscm.  Kranklin  Lakes  NJ 

Itlood  (ias  .\naly/er: 

Ciha  Coming  2SX  and  Ciha  Coming  S.SO.  Ciha  Coming  Diagnostics.  Med- 

lield  MA 
Radiometer  620.  Radiometer  .America  Inc.  W'estlake  OH 
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Comparison  of  Three  Humidification  Techniques  during  Mechanical 
Ventilation:  Patient  Selection,  Cost,  and  hifection  Considerations 

Richartl  D  Branson  RRT,  Kenneth  Da\'isjr  MD,  Richard  Brown  RRT.  and  Mitchell  Rashkin  Ml) 


BACKGROUND:  This  stud>  sought  to  confirm  eligihility  criteria,  compare 
costs,  and  e\aluate  the  effects  of  humidification  technique  on  circuit  coIonizatit)n 
and  nosocomial  pneumonia  in  mechanically  ventilated  patients.  MATKRI- 
ALS  &  METHODS:  After  evaluation,  patients  elijjible  for  use  of  a  passive 
humidifier  (n  =  2(10)  were  randomized  to  receive  either  a  h>groscopic  con- 
denser humidifier  ( HCH )  or  heated  humidifier  and  heated-w  ire  circuit  ( HWC ). 
Group  A.  Patients  ineligible  for  Group  A  ((iroup  B)  were  randomized  to  receive 
heated  humidification  «ith  HWC"  or  without  a  heated-wire  circuit  (NHWC). 
Maximum  and  minimum  body  temperature,  number  of  suctioning  procedures, 
secretion  volume,  secretion  quality.  \  olume  of  instilled  saline,  number  of  times 
circuit  was  drained,  and  the  number  of  circuit  disconnections  were  recorded 
daily,  and  costs  of  devices  and  maintenance  w  ere  calculated.  Sputum,  ven- 
tilator circuits,  and  humidification  devices  of  patients  requiring  >  24  himrs 
of  ventilatory  support  were  swabbed  and  cultured.  Incidence  of  tracheal  tube 
occlusion  and  of  nosocomial  pneumonia  were  also  recorded.  RESULTS:  Of 
the  patients,  51.5%  were  eligible  for  HCH.  Surgical  patients  were  more  likely 
to  meet  criteria  for  HCH  use  than  were  medical  patients  (679f  vs  199f .  p  < 
0.001 ).  Ineligibility  for  HCH  use  was  based  on  the  presence  of  thick  (63% ) 
or  bloody  secretions  (22% ).  hypothermia  (8%  ).  or  a  combination  of  these  con- 
ditions (7%  ).  Patients  in  Group  B  were  sicker,  required  ventilatory  support 
longer,  and  had  thicker  and  greater  volumes  of  secretions.  Nosocomial  pneu- 
monia was  more  likel>  in  Group-B  patients  but  was  similar  between  humid- 
ification devices  within  each  group.  Circuit  disconnections  were  greatest  in 
the  NHWC  group.  Costs  were  significantly  less  for  HCH  on  Day  1  ($5.23  vs 
HWC  =  $30.22  vs  NHMC  =  $27.79.  p  <  0.001 ).  On  Da>  5.  costs/day  still  favored 
HCH  ($4.70  vs  $8.97  vs  $17.96.  p  <  0.01 ).  No  incidence  of  tube  occlusion  was 
seen.  CONCLUSIONS:  HCH  use  in  surgical  patients  can  be  safe  and  effec- 
tive (67%  ).  Medical  patients  are  less  likely  to  be  eligible  for  HCH  use  (19%  ). 
For  1  day's  use,  HCH  is  significantly  less  costly  than  the  other  techniques. 
After  5  days,  costs  of  HCH  and  HWC  diminish,  whereas  costs  of  NHWC  remain 
high.  An  algorithm  that  directs  choice  based  on  patient  need  helps  assure  safe, 
effective  humidification.  Humidification  de\ices  do  not  infiuence  the  incidence 
of  nosocomial  pneumonia.  [RespirCare  1996:41(9):809-816] 
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Introduction 

Humidification  of  inspired  gases  during  mechanical  ven- 
tilation is  a  standard  of  care.'  -  A  number  of  investigations 
in  the  past  20  years  have  demonstrated  the  adverse  effects  ot 
inadequate  humidity  on  tracheobronchial  structure  and  (unc- 
tion.^'"  These  effects  include  inspissation  of  secretions,  cil- 
iiu-\  dyskinesis.  and  epithelial  desquamation."'''  Tlie  most  com- 
mon technique  for  providing  humidity  during  ventilatory 
support  is  heated  humidification.  In  recent  years,  passive  humid- 


Respiratory  Care  •  September  "96  Vol  41  No  9 


809 


Comparison  of  Humidification  Techniques 


ifiers.  or  artificial  noses,  have  been  successfully  used  on  selected 
patients/  ''  We  liave  previously  reported  our  experience  using 
passive  humidifiers  applied  by  algorithm  to  surgical  patients.' 
The  current  study  was  designed  to  answer  questions  raised 
by  our  previous  work.  The  aims  of  the  study  were  ( I )  to  deter- 
mine the  eligibility  for  passive  humidifier  use  in  medical  and 
surgical  patients;  (2)  to  evaluate  contamination  issues  with 
a  new  once-a-week  circuit-change  frequency;  and  {?•)  to  ana- 
lyze differences  in  ce)sts  among  the  humidification  de\  ices 
at  the  new  circuit-change  frequency. 

Materials  &  Methods 

The  study  was  approved  by  the  instiiutii)nal  review  board 
(IRB)  governing  human  research,  and  the  need  for  informed 
consent  was  waived.  All  patients  requiring  mechanical  ven- 
tilation in  the  surgical  intensive  care  unit  (SICU)  and  med- 
ical intensive  care  unit  (MICU)  at  the  University  of  Cincin- 
nati were  eligible  for  participation.  Patients  in  the  recovery 
room  and  postoperative  cardiac  surgery  patients  were  not  eli- 
gible due  to  the  typically  limited  period  of  ventilatory  sup- 
port (<  24h). 

Three  methods  ol  humidification  were  studied:  ( I )  pas- 
sive humidification  using  a  hygroscopic  condenser  humid- 
ifier (HCH);  (2)  heated  humidification  with  a  dual  heated-wire 
circuit  set  to  deliver  gas  at  a  temperature  of  Mf  C  at  the  Y-piece 
and  at  }5^C  in  the  humidification  chamber(HWC);  and  (3) 
heated  humidification  set  to  deliver  gas  at  .'^4°  C  at  the  Y-piece 
with  a  circuit  that  did  not  contain  heating  wires  (NHWC). 
Heated  humidification  was  provided  by  a  MR-730  humidi- 
fier (Fisher  &  Paykel.  Auckland.  New  Zealand)  with  or  with- 
out a  dual  heated-wire  circuit.  Chambers  were  the  same  for 
both  systems  and  an  intermittent  water  feeding  system  was 
utilized.  The  temperatuiv  ranges  were  chosen  for  several  rea- 
sons. The  34' C  setting  diumg  heated  hunudification  is  the 
current  standard  in  our  iniit  and  is  supported  by  the  literature 
as  mimicking  normal  upper  airway  function.'"  The  36°Cset- 
ting  with  a  heated-wire  circiui  allows  a  chamber  temperature 
of  35°  C  and  elimination  of  condensate  in  the  circuit.  TTiis  tem- 
perature was  selected  after  determining  the  practice  of  local 
institutions  using  heated-wire  circuits.  Extension  (fiex)  lubes 
between  the  Y-piece  and  the  artificial  airway  were  used  only 
in  patients  w ith  tracheostomies.  The  passive  humidifier  uas 
a  Baxter  nonfiltcrcd  HCTI  ( Baxter  Healthcare  Corp.  Round 
Lake  IL).  This  device  has  a  clear  plastic  housing  and  uses  a 
lithium-chloride-treated  foam  insert.  The  manufacturer  reports 
that  this  device  has  a  dead  space  of  3.'i  mL.  resistance  of  I  .S 
cm  HjO  s  L  '.  and  a  moisture  output  of  29.5  mg  H2O/L  at 
a  tidal  volume  (Vj)  of  1.000  ml.  and  frequency  of  10 
breaths/min." 

Patients  were  screened  according  to  a  previously  published 
algorithm  (Fig.  I )  to  determine  which  patients  had  contra- 
indications to  HCH  use."  Our  previous  work  suggests  the  use 
of  an  algt)riihm  prevents  endotracheal  tube  (ETT)  occlusion 


seen  by  other  authors  using  HCHs.  After  this  initial  screen- 
ing, patients  were  randomized  according  to  Fig.  2.  This  pro- 
tocol was  chosen  to  safely  allow  comparison  of  device  per- 
fomiance  and  costs  in  like  populations.  This  technique  created 
4  groups  of  patients  to  be  studied.  Group  A  consisted  of  patients 
eligible  for  HCH  use,  and  Group  B  of  patients  ineligible  for 
HCH  use. 

•  HCH — Group  A I .  Patients  eligible  for  HCH  use  w ho  were 
randomized  to  use  an  HCH 

•  HWC — Group  A2.  Patients  eligible  for  HCH  use  who  were 
randomized  to  use  heated  humidification  and  a  heated- 
wire  circuit 

•  HWC— Group  B I .  Patients  ineligible  for  use  of  an  HCH 
according  to  the  algorithm  who  were  randomized  to  use 
heated  humidification  and  a  heated-wire  circuit 

•  NHWC — Group  82.  Patients  ineligible  for  use  of  an  HCH 
according  to  the  algorithm  v\  ho  were  randomized  to  use 
a  heated  humidifier  with  a  circuit  that  did  not  contain  heat- 
ing wires. 


Examine  patient 
history/physical  findings 


Bloody  secretions? 

Yes 

Heated  tiumidilication 

32-34  Cand100°oRH 

at  proximal  airway 

Thicl<  tenacious  sputum? 
Core  temperature  <  32  C? 

Yes 

No 

Hygroscopic  condenser 

Inumidifier 

(replace  every  24  h) 

l— 

Evaluate  secretion 
quality  and  quantity 

Examine  patient 

No 

Are  >  4  HCHs 
used,24  h? 

Fig.  1 .  Algorithm  used  to  determine  wtnether  patients  were  eligible 
for  use  of  a  hygroscopic  condenser  humidifier  (HCH).  RH  =  rela- 
tive humidity. 


Randomization  was  accomplished  using  the  last  digit  in 
the  patient's  medical  record  number.  In  Group  A.  patients  with 
an  odd  medical  record  number  received  an  HCH  and  those 
with  an  even  number  received  a  heated  humidifier  with  a 
heated-wire  circuit.  In  Group  B.  patients  with  an  odd  med- 
ical record  number  received  heated  humidification  v\  iihout 
a  lieated-v\  ire  circuit,  and  those  with  an  e\  en  number  received 
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All  patients 

admitted  to 

SICU  &  MICU 


HCH-eligible 

according  to 

algorittim 

1 

1 

1 

HCH 

HWC  airway 

temperature 

36  C 

HCH-ineligible 

according  to 

algonttim 


HWC  airway 

temperature 

36°  C 


NHWC  airway 

temperature 

34°  C 


Fig.  2.  Scheme  for  randomization  of  patients  into  groups  based  on 
tfte  algorithm  shown  in  Figure  1.  HCH  =  hygroscopic  condenser 
humidifier;  HWC  =  heated-wire  circuit;  NHWC  =  circuit  without 
heating  wires. 


heated  humidification  with  a  heated-wire  circuit.  Random- 
ization was  accomplished  at  the  bedside  by  the  respiratory 
care  practitioners. 

During  the  course  of  ventilatory  suppoil.  daily  maximum 
and  minimum  body  temperatures  were  transcribed  from  bed- 
side records.  Siictit)ning  was  peiformed  on  an  as-needed  basis 
by  respiratory  care  and  nursing  staff.  Suctioning  was  indicated 
when  secretions  were  present  in  the  tracheal  tube,  audible  evi- 
dence of  secretions  were  present,  or  auscultation  revealed 
rhonchi.  Suctioning  was  performed  using  open-circuit,  sin- 
gle-use catheters,  and  sterile  technique.  The  number  of  suc- 
tioning attempts/day,  the  volume  and  quality  of  secretions, 
and  the  volume  of  instilled  nonnal  saline  were  recorded.  Secre- 
tion volume  was  measured  by  collecting  secretions  in  a  grad- 
uated trap  in  line  with  the  suction  tubing.  Instilled  saline  was 
measured  by  counting  the  number  of  unit  dose  (5  niL)  vials 
used.  Secretion  quality  was  based  on  the  scheme  of  Suzukawa 
et  al.'-  Secietions  were  defined  and  coded  as  thin  ( 1 ),  mod- 
erate (2),  or  thick  (3)  acctirding  to  the  following  definitions. 

•  Thin — Following  the  suctioning  procedure,  the  catheter 
appears  clean. 

•  Moderate — Following  the  suctioning  procedure,  secretions 
adhere  to  the  side  of  the  catheter  hut  are  easily  removed 
by  aspirating  saline  through  the  catheter. 

•  Thick — Following  the  suctioning  procedure,  .secretions 
adhere  to  the  catheter  and  are  not  removed  by  aspirating 
saline  through  the  catheter. 

We  also  recorded  the  number  of  circuit  disconnections/day. 
A  circuit  disconnection  was  defined  as  any  intenaiption  of  the 
circuit  and  included  suctioning  attempts,  emptying  conden- 
sate, changing  the  circuit  or  circuit  components,  removing  the 
HCH  for  bronchodilator  treatments,  and  any  other  ciicum- 
stance  that  resulted  in  violation  of  the  circuit.  Heated  humid- 
ifiers were  filled  through  a  closed-feed  system  and  such  fill- 
ing was  not  considered  a  circuit  disconnection.  The  number 


of  devices  used  for  humidification  was  also  recorded  daily 
and  includes  water,  circuits,  water  traps,  HCHs,  and  humid- 
ification chambers. 

Patients  requiring  longer  than  24  hours  of  mechanical  ven- 
tilatory support  had  sputum  cultures  and  cultures  of  the  ven- 
tilator circuit  Y-piece  and,  depending  upon  the  device  used, 
of  the  patient  side  of  the  HCH  or  the  water  batli.  Cultures  were 
performed  after  24  hours  and  then  every  48  hours  thereafter, 
as  long  as  the  patient  remained  on  the  ventilator.  Cultures  were 
obtained  by  swabbing  a  1-cm-  area  of  the  desired  equipment. 
Bacteriologic  samples  were  immediately  transferred  to  the 
laboratory  tVir  Gram  stain  and  culture  in  conventional  solid 
and  liquid  media.  Culture  results  were  qualitative.  The  inci- 
dence of  nt)socomial  pneumonia  was  detennined  by  standard 
criteria  that  included  all  of  the  following:  purulent  sputum, 
respiratory  cultures  containing  potentially  pathogenic  organ- 
isms, fever  (>  38.0°  C),  and  new  infiltrates  on  chest  radiograph. 
Pathogenic  organisms  included  Gram-positive,  Gram-neg- 
ative, and  fungal  organisms  which  are  not  part  of  the  nonnal 
flora  of  the  respiratory  tract. 

Cost  of  humidification  devices  was  calculated  from  the 
individual  price  of  disposable  equipment  and  the  time  that 
the  therapist  spent  maintaining  the  equipment.  Circuits  were 
changed  every  7  days,  and  HCHs  were  replaced  daily  (more 
frequently  if  partially  occluded  by  sputum).  Costs  were  iden- 
tified from  purchasing  records  based  on  signed  bids  from  the 
manufacturer  and  are  shown  in  Table  1.  Costs  for  heated 
humidification  were  based  on  an  initial  kit  charge,  which  for 
HWC  and  NHWC  included  a  chamber,  2-L  bag  of  water,  and 
feed  set.  Individual  costs  per  device  were  used  as  these  com- 
ponents were  added  to  the  system.  The  kit  included  most  of 
the  equipment  necessary  to  set  up  a  ventilator  and  was  pur- 
chased from  the  manufacturer  at  a  cost  less  than  the  simi  of 
the  individual  components.  Therapist  time  was  calculated 
based  on  the  mean  salary  of  all  respiratory  care  practition- 
ers (RCPs)  working  in  the  intensive  care  units  and  any  time 
spent  providing  maintenance  of  the  humidification  system 
(adding  water,  changing  components,  emptying  condensate). 
Each  contact  with  the  patient  for  emptying  condensate  was 
assigned  a  time  value  of  5  minutes.  Tliis  is  based  on  our  obser- 
vation that  emptying  condensate  requires  hand  washing  before 
and  after,  and  proper  removal  and  disposal  of  the  conden- 
sate. This  requires  an  average  of  .'S  minutes.  Changing  the  ven- 
tilator circuit  required  10-15  minutes.  Each  intervention  by 
RCPs  was  noted  on  a  log  sheet  attached  tii  the  ventilator.  Log 
sheets  were  collected  and  tallied  daily.  Costs  were  calculated 
on  a  daily  basis.  Any  additional  equipment  used  was  added 
to  the  cost  and  divided  by  the  days  of  use.  Costs  then  were 
a  function  of  disposable  equipment  used  and  length  of  use. 
Patients  who  developed  thick  or  bloody  secretions  dur- 
ing HCH  use  were  switched  to  heated  humidification  with 
a  heated-wire  circuit.  The  incidence  of  ETF  obstruction  was 
also  recorded.  Tracheal  tube  obstruction  was  defined  as  the 
inability  to  pass  a  1 0-French  suctiim  catheter  down  the  ETT. 
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Tuhle  I .      Total  Costs  Associated  with  tlic  3  Hiimiditlcation  Devices 
Studied 


Table  2. 


Results  of  Randomization  of  Patients  According  to  the 
Scheme  Shown  in  Fiaure  2. 


Associated  Equipment 

Device 

Total 

SICU* 

MICU 

HCH* 

HWC 

NHWC 

Number  of  patients 

1.16(68) 

200 

64(32) 

Setup  Kit 

NA 

$24.95 

$12.97 

HCH-Eligible 

103(51.5) 

91(67)' 

12(19) 

Circuit 

$1.18 

14.95 

1.18 

HCH-GroupAl 

49(24.5) 

43(32) 

6   (9) 

Water  (2  L) 

NA 

3.51 

3.51 

HWC-Group  A2 

54(27) 

48(35) 

6   (9) 

Water  Trap 

NA 

NA 

1.34 

HWC-Group  B 1 

49(24.5) 

24(18) 

25(39) 

HCH 

2.05 

NA 

NA 

NHWC-Group  B2 

48  (24) 

21(15) 

27(42) 

Chamber 

NA 

8.10 

8.10 

Therapist  Timc/h 

12.00 

12.00 

12.00 

*SICU  =  surgical  intensive 

care  unit;  MICU  : 

=  medical  intensive  care  anil;  see  le.\t 

Total  ec|uipment  cost 

lor  eligibilily  crileria  lor  groups.  HCH  = 

hygroscopic  condenser 

huiiudiner;  HWC 

for  24  h 

$3.23 
■humidifier; 

HWC  = 

$24.95 
=  healed,  wire  c 

$12.97 
ircuit;  NHWC  = 

-  hcaled-wire  circuit;  NHWC  =  circuit  without  healing  wires. 
p<  0,(101  SlCUvsMICU. 

*HCH  =  hygroscopic  condcnscc 

circuit  v\  nhoul  healing  wires:  NA  =  not  appl 

icable. 

Patient  demographics  were  also  collected  and  included  age. 
diagnosis,  history  of  chronic  lung  disease,  and  Simplified 
Acute  Physiology  Score  (SAPS)."  Statistical  analysis  was 
performed  using  analysis  of  variance  and  X'  to  determine  dif- 
ferences between  groups.  A  p  value  <  0.05  was  considered 
statistically  significant. 

Results 

During  a  9-month  period.  214  patients  were  eligible  for 
the  study.  Of  the  eligible  patients.  14  expired  within  6  hours 
of  admission  or  were  transfeiied  and  lost  to  follow-up.  The 
i-emaining  200  patients  had  all  the  necessary  data  collected 
for  analysis. 

Of  the  200  patients,  1 36  (689f )  were  in  the  SICU  and  64 
(32%)  were  in  the  MICU.  The  results  of  application  of  the 
randomization  scheme  are  shown  in  Table  2.  Slightly  o\er 
one  half  (3 1 .5'^f )  of  all  patients  were  eligible  for  HCH  use. 
according  to  the  algorithm.  However,  difference  in  the  num- 
ber of  patients  eligible  for  1 ICH  use  between  SICU  and  MICU 
patients  was  statisticall)  siginficant  (67%  vs  \99c,  p  <  O.OI ). 
Reasons  for  ineligibility  for  HCH  use  were  thick  secretions 
63<7f  (61/97).  bloody  secretions  22%  (21/97).  hypothermia 
8%  (8/97).  and  a  combination  of  two  or  more  of  these  con- 
ditions 7%  (7/97).  In  the  MICU.  I  patient  was  switched  from 
an  HCH  to  an  HWC  after  .5  days  of  use.  16%  ( 1/6).  In  the 
SICU.  3  patients  were  sw  itched  from  an  HCH  to  an  HWC, 
2  for  thick  secretions  and  I  after  5  days  of  use.  7%  (3/43). 

There  was  no  difference  in  age,  dailv  minimum  and  max- 
imum temperatures,  or  incidence  of  HTT  obstruction  among 
the  4  groups.  Table  3  shows  the  measured  variables  in  the 
study.  Patients  in  Group  B,  HWC  and  NHWC,  requited  more 
frequent  suctioning  procedures,  had  longer  duration  of  \  en- 
tilatory  support,  thicker  secretions,  and  larger  secretion  vol- 
ume than  patients  in  Group  A,  HCH  and  HWC.  Patients  in 
Group  B  also  had  a  significantly  higher  SAPS  score,  mean 
(SD).  IHCH  =  9  (3).  HWC  =  8  (4).  vs  HWC  =  19  (3),  NHWC 


=  17  (3)1  than  patients  in  Group  A.  Comp;irison  of  data  between 
HCH  and  HWC  in  Group  .A,  failed  to  reveal  any  differences 
in  suctioning  variables,  circuit  disconnections,  or  secretion 
quality.  Comparison  of  data  between  HWC  and  NHWC  in 
Group  B,  showed  no  difference  in  secretion  volume,  secre- 
tion quality.  ETT  obstruction,  volume  of  saline  instilled,  suc- 
tioning attempts,  minimum  and  maximuiTi  temperatures,  or 
ventilator  days.  There  were  differences  between  these  groups 
related  to  the  number  of  times  condensate  was  required  to  be 
removed  from  the  circuit  1 1 . 1  ( 1 .4 )  \  s  9.4  ( 1 .8 ).  p  <  0.00 1 1 
and  number  of  circuit  disconnections  [10.3  (4.3)  vs  20.0  (4.2), 
p<  0.0011. 

The  incidence  of  nosocomial  pneumonia  was  significantly 
less  in  Group  A  compared  to  Group  B  (6%  and  6%  vs  16% 
and  1 0% ).  There  was  no  difference  between  HCH  and  HWC 
in  Group  A  or  between  HWC  and  NHWC  in  Group  B  with 
respect  to  the  incidence  of  pneumonia.  Tlie  difference  between 
HWC  and  NHWC  in  Group  B  was  6%  (16%  vs  10%,  p  = 
0.093).  a  value  not  statistically  significant.  Positi\e  sputum 
cultures  were  seen  in  one  third  to  one  halt  of  all  patients.  Group 
B  HWC  had  a  significantly  higher  rate  of  positive  sputum  cul- 
tures compared  to  the  other  3  groups  (49%  vs  38%.  33%,  and 
33%,  p  <  0.01 ).  .AH  patients  in  the  HCH  group  with  positive 
sputum  cultures  had  positive  HCH  cultures.  In  the  HWC 
groups,  the  incidence  of  positive  humidification-chamber  cul- 
tures was  0%  (Group  A)  and  lO'^f  (Group  B).  No  patient  in 
the  NHWC  group  had  a  positive  humitliller-chamber  culture. 
Positive  circuit  cultures  were  seen  in  10%  of  all  patients  in 
the  HCH  group,  1 7%  of  patients  in  Group  A  HWC,  4 1  %  of 
patients  in  the  Group  B  HWC.  and  31%:  of  the  NHWC  group. 
These  differences  were  significant  for  Group  A  compared  to 
Gnmp  B  (p  <  0.03).  Comp;uison  of  circuit  colonization  between 
the  HCH  and  HWC  (Group  A)  failed  to  show  a  significant 
difference  ( 10%  vs  17%.  p  <  0.39).  Comparison  of  Group  B 
HWC  ;uid  NHWC  failed  to  demonstrate  a  significant  difference 
in  circuit  colonization  (HWC  =  41  %  vs  NHWC  =  3 1  % .  p  = 
0.063).  In  everv  circumstance,  organisms  cultured  from  the 
ventilator  circuits,  humidifier  chambers,  and  HCHs  were  the 
same  organisms  isolated  from  the  patient's  sputum. 
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Table  3.     Comparison  of  Demographic,  Suctioning.  System  Maintenance,  and  Bacteriologic  Data  among  the  4  Groups  Studied 


Variable 


Group  A* 
HCH  Group  A 1  HWC  Group  A2 


Age  (years) 

44     (14) 

41     (15) 

Ventilator  days 

4.5    (3.9) 

4.1    (3.2) 

Patients  with  tracheostomy 

2      (5%) 

3      (7%) 

Maximum  24-h  temperature 

37.5   (0.7) 

37.3   (0.8) 

Minimum  24-h  temperature 

36.5   (0.7) 

36.7   (1.0) 

Suctioning  events/day 

6.5   (2.5) 

5.2   (2.3) 

Secretion  volume.  mL/day 

20.4(16.6) 

23.0(14.0) 

Circuit  drains/day 

0 

1.1    (1.3) 

Circuit  disconnections/day 

8.6   (2.7) 

8.5   (2.4) 

Saline  volume  mL/day 

10.9   (8.0) 

7.1    (5.2) 

ETT  obstruction 

0 

0 

Secretion  quality  1.5(0.5) 

1.5    (0.6) 

1.5    (0.6) 

Pneumonia 

3      (6%) 

3       (6%) 

Positive  sputum  culture 

19    (38%) 

17     (33%) 

Positive  circuit  culture 

5      (10<7r) 

9     (17%) 

Positive  chamber  culture 

NA 

0      (0%) 

Positive  HCH  culture 

19    (38%) 

NA 

SAPS 

9      (3) 

8       (4) 

Group  B 
HWC  Group  B 1  NHWC  Group  B2 


52     (19) 

45    (17) 

10.8   (6.5)' 

8.9   (9.2)' 

7    (14%)' 

3      (7%) 

38.1    (1.1) 

37.8   (0.9) 

36.2   (1.1) 

36.6   (0.9) 

9.8   (3.9)= 

8.3   (3.7)* 

32    (17.4)'' 

34.2(20.8)' 

1.1    (1.4) 

9.4   (1.8)S 

10.3   (4.3) 

20.0   (4.2)' 

11.2   (6.9) 

13.6   (8.8) 

0 

0 

2.2   (1.1)' 

1.9   (0.8)' 

8    (16%)' 

5    (10%)' 

24    (49%)' 

16    (33%) 

20    (41%)' 

15    (31%)' 

5     (10%) 

0      (0%) 

■MA 

NA 

19      (5)' 

17      (5)' 

*See  text  lor  eligibility  catena  for  groups.  Values  arc  mean  (SDl  unless  otiierwise  indicated.  HCH  =  hygroscopii 

=  circuit  without  heating  wires;  ETT  =  endotracheal  tube;  SAPS  =  SimpHned  Acute  Ph\  siology  Score. 

'p  <  0.0 1  vs  Groups  A I  and  A2. 

•p  <  0.05  compared  to  Groups  At  and  A2. 

»p<O.OI  vsGroups  Al.  A2.  Bl. 

"p<0.01  vs  Group  Bl. 

''p<0.01  vsGroupsAI.  A2.  B2, 


c  condenser  humidiller.  HWC  =  healed-w  ire  circuit;  NHWC 


Daily  costs  for  eacli  type  of  humidification  and  the  cost  dif- 
ference between  devices  are  shown  in  Table  4.  For  24  hours 
of  ventilatoiy  suppoil.  use  of  an  HCH  was  significantly  cheaper 
thati  HWC  or  NHWC.  As  duration  of  ventilatory  support 
increased,  the  cost  differences  among  HCH  and  HWC  and 
NHWC  became  smaller,  whereas  the  differences  among  HCH 
and  NHWC  became  larger.  On  Day  5,  the  cost  of  HCH  use/day 
was  $4,70.  compiired  to  $8,97  for  HWC  and  $  1 7,96  for  NHWC. 


Table  4.      Total  Cost/Day  for  Each  of  the  3  Humidification  Techniques 
(Assuming  Circuit  Change  Interval  of  7  Days). 


Device 

Day  1 

Day  2 

Day  3 

Day  4 

Day  5 

Costs 

HCH 

$5.23 

$4.64 

$4.5 1 

$4.40 

$4.70 

HWC 

.30.22 

16.11 

12.58 

9.93 

8.97 

NHWC 

27.79 

21.65 

19.60 

18.58 

17.96 

Cost  Differences 

HCH  vs  HWC  24.99 
HCH  vs  NHWC  22.56 
HWC  vs  NHWC        2.43 


11.47  S.()7  5.53  4.27 

17.01  15.09  14.18         13.26 

5.54  7.02  8.65  8.99 


HCH  =  hygroscopic  condenser  humidifier;  HWC  =  heated-w  ire  circuit;  NHWC  = 
circuit  without  healing  wires. 


Discussion 

The  results  of  this  study  confttm  our  previous  work  related 
to  the  successful  use  of  an  algorithm  to  safely  apply  the  appro- 
priate humidification  device  to  mechitnically  \entilated  patients. 
The  results  also  support  findings  that  suggest  that  the  humid- 
ification device  does  not  influence  the  incidence  of  nosoco- 
mial pneumonia,'"  Tlnis  study  was  undertaken  to  further  define 
the  use  of  HCH  in  patients  with  a  primary  medical  diagno- 
sis and  evaluate  the  efficacy  of  heated  humidification  with 
a  heated-wire  circuit. 

In  our  previous  study  of  SICU  patients,  we  found  that  73% 
of  patients  were  eligible  for  HCH  use.'  In  the  current  study, 
679f  of  SICU  patients  were  eligible  for  HCH  use,  but  only 
1 99c  of  MICU  patients  met  the  criteria  for  HCH  use.  We  antic- 
ipated finding  a  decrease  in  the  use  of  HCH  in  the  MICU  but 
not  of  the  magnitude  discovered  in  the  study.  The  majority 
of  patients  in  the  MICU  have  pre-existing  lung  disease  and 
are  admitted  to  the  MICU  with  a  known  secretion-removal 
problem.  Because  using  an  HCH.  regardless  of  efficiency. 
always  results  in  water  loss  from  the  respiratory  tree,  we  believe 
that  patients  with  thick  secretions  should  be  placed  on  heated 
humidification.  The  use  of  heated  humidification  can  either 
add,  neutralize,  or  allow  loss  of  water  from  the  respiratory 
tree,  depending  upon  humidifier  settings.  We  believe  that  the 
temperature  we  chose  mimicked  the  temperature  and  humid- 
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ity  of  gases  entering  the  trachea  during  nose  breathing.  We 
also  tbund  that  broiiehodilalor  administration  is  more  frequent 
in  the  MICU  th;in  the  SICU.  When  ;ui  updraft  nebulizer  is  used, 
the  HCH  must  be  removed  from  the  circuit  during  the  treat- 
ment period.  Use  of  a  metered  dose  inhaler  IMDI)  and  MDI 
adapter  can  ehminate  this  problem  if  the  adapter  fits  between 
the  HCH  and  ETT.  However,  if  a  spacer  or  reservoir  is  added 
to  the  MDI  adapter  in  the  inspiratory  limb  of  the  ventilator 
circuit,  the  HCH  should  be  removed  from  the  circuit.  These 
factors  lead  us  to  conclude  that  patients  with  chronic  lung  dis- 
ease and  secretion  removal  problems  are  poor  candidates  for 
HCH  use. 

Dreyfiiss  et  al**'^  have  studied  humidification  in  MICU 
patients  and  used  HCH  in  all  patients  successfully.  This 
approach  is  contrary  to  our  experience  and  position.  Accord- 
ing to  the  first  study  by  Dreyfuss  and  colleagues.**  tracheal 
tube  obstruction  CKX'urred  in  1  patient  using  an  HCH  and  "emei  - 
gency  change  of  the  filter"  was  required  in  6  instances  (6/6 1 . 
10%).  None  of  these  filter  changes  was  associated  with  a  com- 
plication. In  their  second  study.''  in  which  each  HCH  was  used 
for  48  hours,  8  instances  of  emergency  filter  change  were 
required  ( 8/68,  1 27c ).  hi  our  study,  1 . 1  HCH  were  used  each 
24  hours.  This  means  some  patients  required  changing  e)ran 
HCH  due  to  contamination  w  ith  secretions.  We  did  not  doc- 
ument any  emergency  changes  or  ETT  occlusions.  We  believe 
that  more  patients  could  use  an  HCH  than  are  identified  by 
our  algorithm — but  not  without  risk.  The  cost  savings  of  using 
an  HCH  are  highlighted  by  Dreyfuss  and  colleagues,  but  we 
believe  a  serious  complication  in  a  single  patient  due  to  HCH 
u.se  (ie,  ETT  obstruction)  would  eliminate  any  cost  savings 
obtained  using  HCH  in  the  previous  100  patients.  Our  algo- 
rithm may  appear  [o  be  overly  conservative,  but  we  believe 
that  liberalizing  HCH  use  may  increase  risk  unnecessarily. 

In  a  series  of  4  studies  using  the  Pall  HME,  ETT  obstruc- 
tion was  a  common  finding."  '"  Mailin  et  al  reported  an  inci- 
dence of  19%  (6/32);'''  Cohen  et  al  reported  an  incidence  of 
9%  (17/170):''^  Misset  et  al  reported  an  incidence  of  13% 
(4/30);'"  and  Roustan  et  al  ;m  incidence  of  1 6%  (9/55).'^  Tliese 
reports  led  us  to  de\  elop  the  algorithm  because  none  of  the 
reports  excluded  patients  with  known  secretion  problems.  Each 
of  these  studies  also  used  the  Pall  HME,  which  has  a  mois- 
ture output  of  only  21  mg  HjO/L  (with  Vx=  1.0  L),  whereas 
Dreyfuss  et  al**''  used  the  D.'\R  Hygrobac,  which  has  a  mois- 
ture output  of  31  mg  HjC)/L  (with  V,  =  1.0  L).  This  30'7r 
increase  in  moisture  output  may  be  responsible  for  the  dif- 
ferent outcomes  in  these  reports. 

Comparison  of  the  3  humidification  desices  in  this  study 
requires  consideration  of  the  patient  population.  Patients  inel- 
igible for  HCH  use  were  sicker,  mechanically  ventilated  for 
longer  periods,  frequently  had  pre-existing  lung  disease,  and 
had  thicker  secretions.  The  group  of  patients  deemed  eligi- 
ble for  HCH  use  by  the  algorithm  averaged  only  4  days  of 
mechanical  ventilation  and  primarily  were  surgical  patients 
with  no  histor\  of  linig  disease.  This  is  pari  of  the  design  of 


the  study  and  unrelated  to  the  humidification  device  used.  We 
believe  these  differences  necessitate  changing  humidification 
strategies  to  meet  patient  needs. 

Heated  humidification  with  a  NHWC  was  associated  with 
a  significantly  greater  number  of  circuit  disconnections  (to 
empty  condensate),  used  more  water,  and  required  more  ther- 
apist time  to  maintain  compared  to  HWC  and  HCH.  Use  of 
the  NHWC  resulted  in  an  average  of  9  circuit  disconnections 
each  day  simply  to  empty  condensate.  When  you  consider  that 
this  prcvedure  requires  practitioners  to  wash  their  hands,  empty 
the  condensate,  and  wash  hands  again,  this  procedure  typi- 
cally consumes  5  minutes.  With  NHWC  use,  45  minutes  of 
practitioner  time  is  spent  removing  condensate  from  the  cir- 
cuit/day. The  costs  of  maintaining  an  NHWC  in  our  study 
caused  them  to  exceed  HWC  costs.  In  different  institutions 
and  in  different  countries,  these  costs  may  be  different.  Each 
institution  should  evaluate  the  labor  costs  of  using  humidi- 
fication systems.  When  an  HCH  is  used,  there  is  no  condensate 
to  empty  from  the  circuit — one  of  the  advantages  of  HCH  use. 
We  chose  to  allow  only  a  1"C  offset  between  the  humidifi- 
cation chamber  and  airway  temperature  when  a  heated  humid- 
ifier with  a  HWC  was  used.  This  allowed  some  condensate 
to  accumulate  in  the  circuit,  which  required  emptying  1.1 
times/day.  Condensate  can  be  completely  eliminated  from  the 
HWC  by  allowing  temperature  to  increase  as  gas  travels  up 
the  circuit  to  the  patient.  However,  this  practice  can  result  in 
gas  at  a  relatively  high  temperature  (37° C)  to  be  delivered 
at  a  low  relative  humidity.  For  instance,  if  chiunber  temperature 
is  33° C  (maximum  absolute  humidity  of  36  mg  H:0/L)  and 
airway  temperature  is  37° C (maximum  absolute  humidity  of 
44  mg  H2O/L),  the  relative  humidity  delivered  to  the  patient 
is  8 1  %.  Several  authors  have  suggested  that  the  delivery  of 
warm  gas  at  low  relative  humidity  (which  can  occur  with 
HWC)  may  cau.se  drying  of  secretions  and  plugging  of  arti- 
ficial airways."*  -"  Our  results  demonstrate  that  using  a  tem- 
perature offset  of  1°  C  and  visible  confirmation  of  a  small 
amount  of  condensate  in  the  circuit  eliminates  this  concern. 

The  association  between  nosocomial  pneumonia  and  res- 
piratory care  equipment,  including  humidifiers,  ventilator  cir- 
cuits, and  nebulizers,  is  a  nebulous  one.-'  --  Early  work  by 
Craven  et  al-'  found  that  contaminated  condensate  aerosolized 
via  an  in-line  nebulizer  may  cause  nosocomial  pneumonia. 
Cra\en  and  co-workers-''  suggested  that  nebulizers  be  taken 
out  of  the  circuit  when  not  in  use  and  that  ventilator  circuits 
be  changed  every  48  hours.  Recent  work  bv  Dre\  fuss  et  al,-'' 
Hess  et  al,-''  and  others-^  ha\  e  found  that  increasing  ventilator- 
circuit-change  interv  als  to  1  w  eek  or  longer  is  as  safe  or  .safer 
than  48-hour  changes.  Two  of  these  reports  suggest  that  never 
changing  the  ventilator  circuit,  except  between  patients,  is  the 
safest,  most  cost-effective  strategy.-^-' 

Because  using  HWC  and  HCH  can  reduce  the  accumu- 
lation of  condensate,  it  has  been  suggested  that  these  devices 
can  reduce  the  incidence  of  no.siKomial  pneumonia.  However, 
the  results  of  this  study  as  well  as  oloin-  pre\'ious  work^  and 
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the  work  by  Drey  fuss  et  al*''  suggest  that  the  t\pe  of"  humid- 
ification device  employed  fails  to  have  an  impact  on  the  inci- 
dence of  nosocomial  pneumonia.  In  our  previous  study,  cir- 
cuit colonization  in  a  group  of  patients  using  an  HCH  was  not 
found.  In  this  study,  positive  circuit  cultures  were  found  in 
10%  of  patients  in  the  HCH  group.  This  compares  to  17%  in 
the  HWC  group.  41%  in  the  HWC  (HCH-ineligible)  group, 
and  31%  in  the  NHWC  group.  All  organisms  isolated  in  the 
circuit  were  also  identified  in  the  sputum.  In  every  case,  when 
an  HCH  was  used,  if  sputum  cultures  were  positive,  cultures 
of  the  HCH  media  were  positive  for  the  same  organism. 

We  also  noted  that  10%  of  patients  in  the  HWC  (HCH- 
ineligible)  group  had  positiv  e  huniiditlcation-chamber  cul- 
tures. In  each  instance,  the  organism  had  previously  been  istv 
lated  in  the  sputum.  In  the  HWC  (HCH-eligible)  group,  none 
of  the  chamber  cultures  were  positive.  This  suggests  that  time 
is  required  for  the  chamber  to  be  colonized  because  patients 
in  the  group  averaging  4  days  of  ventilatory  support  failed 
to  yield  positiv  e  chamber  culuires.  No  chamber  in  the  NHWC 
group  grew  bacteria.  This  is  probably  due  to  the  high-oper- 
ating temperature  of  the  humidifier  when  a  NHWC  is  used. 
In  order  to  achieve  34°  C  at  the  airway,  chamber  tempera- 
ture is  typically  >  44°  C.  At  tliis  high  temperature.  m;uiy  organ- 
isms are  killed.  When  a  HWC  is  used,  gas  at  the  airway  is 
often  warmer  than  the  chamber  temperature,  which  remains 
near  body  temperature.  This  lower  chamber  temperature 
appears  to  allow  bacteria  to  survive  in  certain  instances.  The 
importance  of  this  finding  is  uncertain.  Because  these  devices 
function  like  pass-over  humidifiers,  only  molecular  water 
is  produced.  If  this  is  the  case,  the  presence  of  bacteria  in 
the  water  bath  is  probably  unimportant  because  there  is  no 
vehicle  to  convey  them  to  the  patient.  However,  the  results 
of  this  study  demonstrate  a  higher  incidence  of  pneumonia 
in  the  patients  using  a  heated-wire  circuit.  This  may  have 
occurred  due  to  our  sample  size  or  to  the  growth  of  bacte- 
ria in  the  chambers,  which  we  believe  to  be  less  likely.  In 
addition,  a  statistically  significant  greater  number  of  patients 
in  the  HWC  group  had  tracheostomies  (14%  vs  7%.  p  < 
0.00 1 ).  This  group  of  patients  may  have  been  at  greater  risk 
of  pneumonia  due  to  the  need  and  presence  of  a  tracheostomy. 
A  larger  study  comparing  HWC  to  NHWC  may  be  in  order 
to  clarify  this  trend. 

Cost  comparisons  are  shown  in  Table  4.  The  cost  efficiency 
of  devices  changes  significantly  when  ventilator  circuit-change 
intervals  are  lengthened  to  once  per  week.  For  24  hours  of 
ventilatory  support,  it  is  clear  that  the  HCH  is  cost  efficient. 
The  circuit  and  device  are  cheaper,  and  practitioner  main- 
tenance time  is  reduced.  At  the  end  of  5  days,  the  cost  dif- 
ference/day between  HCH  and  HWC  slirinks  to  $4.27.  As  the 
HWC  is  used  for  a  longer  period  of  time,  the  initial  high  cost 
of  the  circuit  is  minimized.  In  addition,  a  new  HCH  is  required 
every  day,  whereas  a  new  2-L  bag  of  water  for  the  HWC  is 
required  only  every  48  to  60  hours.  Increased  costs  with  the 
NHWC  are  caused  by  a  more  frequent  use  of  water  (S3. 5 1 


per  2-L  bag)  and  increased  practitioner  maintenance.  With 
time.  NHWC  costs  are  also  reduced,  but  not  neaiiy  to  the  extent 
that  HWC  costs  fall. 

Reductions  in  cost  of  humidification  devices  are  modest, 
but  measurable.  .According  to  a  199 1  paper  by  Kacmarek.-* 
1.523  patients  were  ventilated  for  <  24  hours  at  the  Mas- 
sachusetts General  Hospital.  If  we  use  equipment  costs  from 
Table  1 .  humidification  costs  for  these  1 .323  patients  would 
be  $3.23/day  for  an  HCH.  $24.95/day  for  a  HWC.  or  $  1 2.97/ 
day  for  a  NHWC.  If  an  HCH  rather  than  a  HWC  were  used 
in  half  of  these  short-term  patients,  the  cost  savings  in  a  year 
would  be  $16,539.78.  If  an  HCH  were  used  rather  than  a 
NHWC,  the  savings  in  a  year  would  be  $7,417.01 .  We  strongly 
believe  that  the  evidence  for  short-term  use  of  HCH  is  per- 
suasive. Use  of  an  HCH  in  patients  meeting  the  criteria  in  the 
algorithm  is  safe,  effective,  and  cost  efficient. 

We  believe  that  several  limitations  in  our  study  may  affect 
extrapolation  of  our  results  to  other  environments.  The  humid- 
ification techniques  we  used  were  all  set  to  deliver  a  temperature 
and  relative  humidity  less  than  37° C and  1(X)%  relative  humid- 
ity. It  is  unclear  if  setting  the  heated  humidifier  to  tempera- 
tures of  37°  C  or  higher  would  have  changed  the  results.  Inter- 
preters of  our  results  should  keep  in  mind  the  humidifier  settings 
utilized.  We  used  an  HCH  with  a  moisture  output  of  near  30 
mg  H2O/L.  We  believe  significantly  different  results  may  be 
seen  w  ith  less  efficient  devices.  We  have  already  discussed 
the  untoward  effects  of  HME  devices  used  in  the  ICU.'""' We 
also  believe  that  the  significantly  higher  number  of  patients 
with  tracheostomy  in  the  HWC  (Group  Bl )  may  have  influ- 
enced the  incidence  of  nosocomial  pneumonia,  unrelated  to 
the  choice  of  humidification  device. 

In  Summary 

The  major  findings  of  this  study  are: 

•  Use  of  an  algoritlim  to  match  the  appropriate  humidification 
device  to  patient  need  is  safe,  effective,  and  cost  efficient. 

•  An  HCH  is  ideal  for  many  surgical  patients  with  no  his- 
tory of  lung  disease,  who  are  adequately  hydrated  and 
require  ventilatory  support  <  5  days.  Our  experience  sug- 
gests that  67%  of  these  patients  can  use  an  HCH  safely 
and  effectively. 

•  Use  of  an  HCH  in  medical  patients  with  a  history  of  lung 
disease  and  secretion  problems  who  are  fluid  restricted  and 
require  prolonged  ventilatory  support  is  apt  to  meet  with 
failure.  Our  experience  suggests  that  only  19%  of  patients 
in  a  MICU  can  use  an  HCH  safely  and  effectively. 

•  Cost  of  humidification  devices  is  a  function  of  the  required 
equipment,  practitioner  maintenance,  and  duration  of  use. 

For  1  day  of  ventilatory  support,  use  of  an  HCH  is  asso- 
ciated with  significant  cost  savings  compared  to  either  HWC 
or  NHWC. 
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We  also  believe  the  t'olhnving  are  true: 

•  For  patients  reqiiiriiiL;  long-term  sLippoii  (>  5  days)  a  heated 
humidifier  with  a  HWC  is  the  device  of  choice,  being  both 
efficacie)us  and  cost  efficient. 

•  Humidification  devices,  when  properly  cared  for.  do  not 
influence  the  incidence  of  nosocomial  pneiniionia. 

.4CKN()wi.f.d(;mknt.s 

The  authors  mx  gralclul  lor  llioiij;htlul  icvicw  ol  ihc  iiumiisLripl  b_\ 
Bryan  Peterson.  The  authors  also  thank  the  respiratory  care  practitioners 
at  the  University  of  Cincinnati  lor  the  job  they  do  every  day  and  for  their 
assistance  with  this  study,  which  could  not  have  been  completed  « ithout 
their  efforts. 


REFERENCE.S 


1.  American  Association  lor  Respiratory  Care.  Consensus  statement 
on  the  essentials  of  mechanical  ventilators — l'W2,  RcspirCare  IW2; 
37(91:  loot)- lODS. 

2.  American  .'\ssociation  lor  Respiratory  Care.  Clinical  practice  guide- 
line: humidification  duiing  mechanical  ventilation.  Respir  Care  1992; 
.^7l8):887-89(). 

3.  Mercke  U.  The  intluence  of  varying  air  humidity  on  miiciK'iIi;u'\  activ- 
ity. Acta  Otolaryngol  197.^:79(1 -2):  13.3- 1. W. 

4.  Marfatia  S.  Donahoe  PK.  Hcndrcn  WH.  Effect  of  dry  and  hunridi- 
fied  gases  on  the  respiratory  epithelium  in  rabbits.  J  Pcdiatr  .Surg  I97.S; 
l(l(.'i|:.sS3-.s92. 

BuLloii  JDK.  Effects  ol  iliy  anaesilietic  gases  on  the  respiratory  mucous 
membrane.  Lancet  1962:1:235. 

IJahlby  RW,  Hogg  JC.  Effect  of  breathing  dry  air  on  structure  and 
function  of  airways.  J  AppI  Physiol  1980:61:312-317. 
Branson  RD.  Davis  K.  Campbell  RS.  Johnson  DJ.  Porenibka  DT. 
Humidification  in  the  intensive  care  unit.  Prospective  study  of  a  new 
protocol  utilizing  heated  humidification  and  a  hygroscopic  contlenser 
humidifier  Chest  l993:ll)4(()l:IS()()-IS().'i. 

8.  Dreyluss  D.  Djedaini  K.  (iros  I.  Mier  I..  I.c  Bourdelles  G.  Cohen  Y. 
et  al.  Mechanical  \entilalion  with  heated  humidifiers  or  heat  and  mois- 
ture exchangei\:  effects  on  patient  coloni/ation  and  incidence  of  noso- 
comial pneumonia.  Am  J  Respir  Crit  Care  Metl  1 99.5: 1 5 1 (4):986-992. 

9.  Djedaini  K.  Billiard  M.  Mier  E,  Le  Bourdelles  G,  Brun  P.  Markow- 
ic/  P.  et  al.  Changing  heat  and  moisture  exchangers  every  48  hours 
rather  than  24  hours  does  not  affect  their  efficacy  and  the  incidence 
of  nostx-oniial  pneumonia.  Am  J  RcspirCril  Care  Med  199,5:152(51: 
1562-1.569. 

Chalburn  RE.  I'rmiiano  IP  Jr.  A  rational  basis  lor  humidity  therapy 
(editorial),  Respir  Care  l9S7:32(4):249-253. 
I lygroscopic condenser  humidifier  ( HCII)  brochure.  Round  Lake  IE; 
Baxter  Healthcare  Corporation.  1995. 


10 


I  I 


1 2.  Su/.ukawa  M.  Usuda  Y.  Numata  K.  The  effects  of  sputum  charac- 
teristics of  combining  an  unhealed  humidiller  with  a  heat-moisture 
exchanging  filter.  Respir  Care  I989:.34(  1 1 1:976-984. 

13.  Ee  Gall  JR.  Eoirat  P.  Alperovitch  A.  Glaser  P.  Granthil  C.  Mathieu 
D.  et  al.  A  simplified  acute  physiology  score  for  ICU  patients.  Crit 
Care  Med  1 984;  1 2(  1 1 1:975-977. 

14  Martin  C.  Perrin  G,  Gevaudan  MJ.  Saux  P.  Gouin  F.  Heal  and  mois- 
ture exchangers  and  vaporizing  humidifiers  in  the  intensi\e  care  unit. 
Chest  1 990;97(l  1:144-149. 

1 5.  Cohen  IE.  Weinberg  PF.  Fein  lA.  Row iniski  GS.  Endotracheal  tube 
occlusion  associated  with  the  use  of  heat  and  moisture  exchangers 
in  the  intensive  care  unit.  Crit  Care  Med  1988:16(31:277-279. 

16.  Missel  B.  Escudier  B.  Ri\ara  D.  Eeclerca  B.  Nitenberg  G.  Heat  and 
moisture  exchanger  vs  heated  humidifier  during  long-term  mechan- 
ical ventilation.  A  prospective  randomi/ed  study .  Chest  199 1 : 1(X)(  1 1: 
160-163. 

17.  Roustan  JP.  Kienlen  J.  AubasP.  Aubas  S.  du  Cailar  J.  Comparison 
of  hydrophobic  heat  and  moisture  exchangers  with  heated  humid- 
ifier during  prolonged  mechanical  ventilation.  Intensive  Care  Med 
1992:18(21:97-100. 

1 8.  Miyao  H.  Miyasaka  K.  Hirokawa  T.  Kawa/oc  T.  Consideration  of 
the  international  standard  for  airway  humidification  using  simulated 
secretions  in  an  artificial  airway.  Respir  Care  1 996:4 1  ( I  ):43-49. 

19.  Miyao  H.  Hirokawa  T.  Miyasaka  K.  Kawa/oe  T.  Relative  humid- 
ity, not  absolute  humidity,  is  of  great  importance  when  using  a  humid- 
ifier with  a  heating  wire.  Crit  Care  Med  1992:20(51:674-679. 

20.  Miyao  H.  Miyasaka  K.  Relative  humidity  with  heating  wire  (letter). 
Crit  Care  Med  I993;21(  I0):I6I3-I6I5. 

21.  Reinarz  JA.  Pierce  AK.  Mays  BB.  Sandloid  JP.  the  polential  role 
ol  inhalation  therapy  equipment  in  nosocomial  pulmonary  inleclion. 
J  Clin  Invest  1965:44:831-839. 

22.  Cross  AS,  Roup  B,  Role  of  respiratory  assistance  devices  in  endcnnc 
nosocomial  pneumonia.  Am  J  Med  1 98 1:70(3 1:681-685. 

23.  Craven  DE.  Goularle  TA,  Make  BJ.  Contaminated  condensate  in 
mechanical  ventilator  circuits.  A  risk  factor  for  nosocomial  pneu- 
monia? Am  Rev  Respir  Dis  1984:129(41:625-628. 

24.  Craven  DE.  Connolly  MG.  Eichtenberg  DA.  Primeau  PJ.  McCabe 
WR.  Contamination  of  mechanical  ventilators  with  tubing  changes 
every  24  or  48  hours.  N  Engl  J  Med  I982:.306(25l:l.505-I.509. 

25.  Dreyluss  D.  Djedaini  K.  Weber  P.  Brun  P.  Eanore  JJ.  Rahniani  J. 
et  al.  Prospecti\c  study  of  nosocomial  pneumonia  and  of  patient  and 
circuit  coloni/alion  duiing  mechanical  \entilation  w  ith  circuit  changes 
every  48  hours  versus  no  change.  Am  Re\  Respir  l)is  1991:143(4. 
Part  I  ):738-743. 

26.  Hess  D,  Burns  E.  Romagnoli  D.  Kacmarek  RM.  Weekly  ventilator 
circuit  changes.  A  strategy  to  reduce  costs  without  affecting  pneu- 
monia rales.  Anesthesiology  1995:82(41:903-91 1. 

27.  Kollef  MH.  Shapiro  SD.  Eraser  VJ.  Silver  P.  Murphy  DM.  Trovil- 
lion  E.  et  al.  Mechanical  ventilation  with  or  without  7-day  circuit 
changes.  A  randomi/ed  controlled  trial,  Ann  Intern  Med  1995:123(3): 
168-174. 

28.  Kacmarek  RM.  Essential  gas  delivery  features  of  mechanical  \en- 
tilators.  RcspirCare  I992;37(9):  1045- 1055. 


Respiratory  Care  •  September  '96  Voe  41  No  9 


Evaluation  of  Four  Analyzers  Used  To  Monitor  Nitric 

Oxide  and  Nitrogen  Dioxide  Concentrations  during 

Inhaled  Nitric  Oxide  Administration 

Peter  Belil  RRT,  Barrv  (.renier  RRT, John  E  Thompson  RRT,  and  David  I.  VVessel  MD 


BACKGROUND:  The  verification  of  nitric  oxide  (NO)  doses  and  the  mea- 
surement of  nitrogen  dioxide  (NOi)  levels  are  essential  in  evaluating  phys- 
iologic response  and  ensuring  safe  delivery  during  inhaled  NO  therapy.  We 
conducted  a  2-part  evaluation  of  4  NO-NOi  analyzers:  Pulmonox  II  (PMX), 
Bedfont  NOxBOX  (BFX),  Driiger  Pacll  NO  and  19(»  NO:  (DRC).  and  Ther- 
moenvironniental  42M  (42M).  METHODS:  The  analyzers  were  calihraled 
according  to  manufacturers"  specifications.  Part  1:  7  predicted  NO  c(»n- 
centrations  INO|  ranging  from  3  to  80  ppm  were  titrated  into  the  main  gas 
flow  of  a  pressure-limited  infant  >entilator  connected  to  a  test  lung  and  set 
in  the  IMV  mode  at  a  frequency  of  3(»  hreaths/min,  PIP/1»KKP  of  30/5  cm  H2O, 
T|  of  O.OA  s.  and  Fdo:  of  0.30,  0.60,  and  1.0.  Each  analyzer  was  studied  inde- 
pendently and  NO-NO2  levels  were  recorded  after  5  minutes  of  stahilization. 
Measurements  were  repeated  3  times,  and  mean  values  were  used  for  statistical 
analysis.  Measured  NO  levels  were  compared  to  predicted  |NO|.  Part  2:  The 
study  was  repeated  using  5  predicted  NOi  concentrations  [NOi]  ranging  from 
1  to  8  ppm,  at  an  Fdo,  of  0.21.  Measured  NO2  levels  were  compared  to  pre- 
dicted [NO2I.  RKSUFTS:  Part  1:  The  bias  +  precision  values  were:  PMX  - 
0.06  ±  1.13  ppm,  BFX  0.67  ±  0.34  ppm,  DR(;  1.48  ±  1.09  ppm,  and  42M  -1.10 
±  1.11  ppm.  NO:  levels  differed  among  the  4  analyzers.  The  BFX  and  42M 
measured  significantly  higher  NO:  levels  than  the  PMX  and  DRG  (p  <  0.001 ). 
Part  2:  The  bias  ±  precision  values  were:  PMX  0.16  ±  0.75  ppm,  BFX  -0.29 
±  0.25  ppm.  I)R(;  0.39  ±  0.33  ppm.  and  42M  O.IO  +  0.25  ppm.  CONCLU- 
SIONS: NO  measurements  compared  favorably  (o  predicted  INO]  with  the 
4  analyzers  and  are  suitable  for  clinical  use.  All  4  analyzers  provide  precise 
NO:  readings  in  a  mixture  of  room  air  and  NO:  hut  provide  different  NO: 
readings  in  a  gas  mixture  of  NO:  "ith  O:  >  0.21.  The  PMX  and  DRG  are  main- 
stream analyzers  and  the  BFX  and  42M  are  sidestream.  The  difference  in  sam- 
ple technique  may  account  for  the  difference  in  NO:  readings  across  these 
4analyzers.  |RcspuCarc  I  y%;41(9);S17-825| 
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congenital  heart  disease  (CHD).^ '  and  acute  respiratory  dis- 
tress syndrome  (ARDS  ).'*'' 

inhaled  NO  readily  diffuses  from  the  alveolar  space  into 
the  adjacent  vascular  smooth  muscle  and  causes  relaxation.' 
Nitric  oxide's  effect  is  confined  largely  to  the  pulmonary  vas- 
culature because  it  avidly  binds  with  hemoglobin  and  becomes 
inactive.'^  This  results  in  selective  pulmon;uA  vasodilation  uith- 
out  causing  systemic  hypotension.' '' 

Potential  side  effects  do  exist  during  inhaled  NO  admin- 
istration. The  direct  binding  of  NO  with  hemoglobin  results 
in  the  formation  of  methemoglobin.'"  hihaled  NO  has  poten- 
tial toxic  effects  on  the  lungs  particularly  as  it  undergoes  fur- 
ther oxidation."'-  When  NO  is  exposed  to  oxygen,  nitrogen 
dioxide  (NO2)  forms  and  has  been  shown  to  adversely  effect 
pulmonary  function  in  humans. '-"These  potential  toxic  effects 
must  be  closely  monitored  during  inhaled  NO  administration. 

Inhaled  NO  has  been  delivered  in  conjunction  witli  mechan- 
ical and  manual  ventilation,  iuid  with  systems  for  spontaneously 
breathing  patients.'^ '"  The  verification  of  NO  doses  and  the 
measurement  of  NO:  levels  is  essential  in  evaluating  phys- 
iologic response  and  providing  safe  delivery  during  inhaled 
NO  therapy.'^'" 

TTie  measurement  of  NO  and  NO2  concentrations  typically 
has  been  achieved  with  electrochemical  and  chemilumines- 
cence  analyzers.'*"-"  Electrochemical  analyzers  measure  the 
migration  of  ions  generated  from  the  reaction  between  NO 
or  NO2  and  an  electrolyte  solution  contained  within  an  elec- 
trode or  fuel-type  cell."'-"  Chemiluminescence  analyzers  mea- 
sure NO  concentrations  by  a  reaction  involving  ozone.''-'*'-" 
This  reaction  results  in  the  release  of  a  photon  of  light  thai 
is  proportional  to  the  concentration  of  NO.-*"  Concentrations 
of  NO:  lire  indirectly  measured  in  a  secondary  reaction."' 

The  purpose  of  our  study  was  to  evaluate  the  accuracy 
of  4  NO-NO:  analyzers  that  ha\e  been  used  during  inhaled 
NO  administration. 

Methods 

The  4  analyzers  e\  aluated  were:  .^  electrochemical  mod- 
els. Pulmonox"  II  (PMX).*  Bedfont  NOxBOX  (BFX).  and 
Driiger  Pacll  NO  and  190  NO:  (DRG):  and  1  chemilumi- 
nescence device.  Thermoenvironmental  42M  (42M). 

The  PMX.  BFX.  and  DRG  analyzers  were  calibrated 
according  to  the  respective  manufacturers"  specifications.  The 
PMX  and  DRG  sensors  were  placed  in  a  custom  calibration 
manifold,  and  the  BI'.X  anal\ zer  utilized  a  calibration  man- 
ifold pro\ided  b>  the  mimufacturer.  With  I  LVmin  of  calibraiion 
gas  introduced  into  each  calibration  manifokl.  2.^^  cm  H:0  of 
constant  positi\e  pressure  v\'as  generated.  The  zero  points  were 


established  w  ith  a  room-air  gas  source,  the  NO  spans  w  ith  a 
25-ppm  NO  source  balanced  in  nitrogen  (N:).  and  the  NO: 
spans  with  a  10-ppm  NO:  source  balanced  with  N:. 

The  42M  underwent  a  2-point  calibration  pr(x:edure  accord- 
ing to  the  manufacturer's  specification.  Pure  N:  was  used  to 
establish  the  zero  point  and  NO  of  2."^  ppm  balanced  with  N: 
was  used  to  adjust  the  span.  The  42M  did  not  require  a  sep- 
arate calibratit)n  for  NO:. 

The  NO  tank  regulator  was  purged  prior  to  the  calibration 
iif  each  analyzer  in  order  to  minimize  residual  NO:.  Following 
the  calibration,  the  4  analyzers  were  again  exposed  to  the  cal- 
ibration gases  in  order  to  verify  that  NO  and  NO:  readings 
were  stable. 

Each  analyzer  was  evaluated  separately  and  placed  in-line 
with  the  NO  delivery  system  that  is  used  during  mechanical 
\entilation  of  infants  in  our  institution.'^  NO  doses  are  achieved 
with  this  delivery  system  by  tiuation  ot  NO  from  a  source  tank 
into  the  main  gas  flow  of  the  ventilator. '''  NO  was  introduced 
at  the  ventilator  e)utlet  via  a  1 2-inch  connecting  tube  w  ith  a 
volume  of  85  mL.  This  tube  served  as  a  mixing  chamber  for 
the  NO  and  ventilator  gases. 

Two  adapters  were  added  to  the  end  of  the  connecting  tube 
and  secured  to  the  inlet  of  the  humidifier.  The  first  adapter 
accommodated  the  O:  analyzer,  and  the  second  adapter  con- 
formed to  the  respective  NO-NO:  analyzer.  The  PMX  and 
DRG  sensors  were  placed  directly  in  the  gas  flow .  luid  the  BFX 
and  42M  received  a  sidestream  sample.  The  BFX  analyzer 
recei\  ed  a  gas  sample  passively  by  positi\e  pressure  from  the 
ventilator  and  the  42M  aspirated  tlie  gas  sample.  The  NO-NO: 
analyzers  were  placed  at  this  site  because  the  4  manufacturers 
indicated  that  the  analyzers  are  susceptible  to  damage  and  inac- 
curacy if  exposed  to  humidified  gases.  A  customized  device 
affixed  to  the  exhalation  valve  was  connected  to  the  central 
vacuum  system,  and  exhaled  gases  were  scavenged  (Fig.  1 ). 


Flow  Meter 


^      To  Wall  Vacuum. 

NO/NO2 

Analyzer        O2  Analyzer 


Humidifier 


*Suppliers  of  commercial  prodiicis  arc  listed  in  the  Product  .Sources  sec- 
lion  at  the  end  of  the  texl- 


Fig.  1 .  Nitric  oxide  (NO)  delivery  via  a  continuous-flow  infant  venti- 
lator. NO  is  titrated  into  the  inspiratory  limb  of  the  ventilator 
upstream  from  the  humidifier. 
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Part  I :  NO  concentrations  were  predicted  from  the  equation 

lNOi=(NO.our«)(^)- 

where  |NO|  is  the  predicted  or  desired  NO  concen- 
tration. NO,ource  i^  the  concentration  of  the  NO  source 
lank.  Vvjo  is  the  set  flow  from  the  source  tanlv  in 
niL/min.  and  Vj„iai  is  the  total  flow  in  niL/niin  and  is 
the  sum  of  the  V^o  •^nd  the  flow  from  the  ventilator. 
Using  this  equation,  we  selected  7  doses  of  NO  rang- 
ing from  3  to  80  ppni  from  an  800-ppm  NO  source 
(Table  1 ). 


Table  1 .      Predicted  Nilnc  Oxide  Concentration  |NO]  with  Various 
Flows  from  an  SOO-ppni  Source  of  NO 


VNo(mL/min) 


Vxoiai  (L/inin) 


Predicted  [NO]  (ppni) 


30 
50 
100 
200 
400 
650 
900 


8.03 

2.99 

8.05 

4.97 

8.10 

988 

8.20 

19.51 

8.40 

38.10 

8.65 

60.12 

8.90 

80.90 

A  standard  oxygen  tlovMneter.  calibrated  in  100  niL/niin 
increments,  was  connected  to  the  NO  regulator  and  used  to 
titrate  the  Vno-  A  ventilator  flow  of  8  L/min  was  used  and 
all  flows  were  verified  using  a  flow  calibration  analyzer.  The 
flow  calibration  analyzer  was  adjusted  to  the  density  of  room 
air  for  verification  of  NO  and  NO2  flows.  The  ventilator,  con- 
nected to  a  test  lung  (compliance  =  1 .0  inL/ctn  H2O),  was  set 
in  the  time-triggered  intennittent  mandatory  ventilation  mode 
at  a  peak  inspiratory  pressure  (PIP)  =  .30  cm  H2O  and  a  pos- 
itive end-expiratory  pressure  (PEEP)  =  5  cm  H2O,  rate  = 
25/min.  and  inspiratory  time  (T|)  =  0.6  s. 

Each  [NO]  was  titrated  into  the  ventilator  circuit  and  at  set- 
tings for  fractional  concentrations  of  delivered  O2  (Fdo:S)  of 
0.-30. 0.60,  imd  1 .0.  Ttie  imalyzers  were  placed  in-line  sepaj-ately. 
and  NO  and  NO2  measurements  were  recorded  after  5  minutes 
of  stabilization.  This  was  repeated  3  times  for  each  analyzer. 

Digital  measurements  of  ventilator  settings  and  graphic 
display  of  V,  proximal  airway  pressure,  and  tidal  volume  (Vj) 
were  observed  and  recorded  throughout  the  study.  Measured 
Fdo:  was  also  observed  and  recorded. 

The  mean  values  for  each  set  of  NO  and  NO2  measure- 
ments were  determined  and  used  for  statistical  analysis.  The 
comparison  of  measured  NO  and  |NO|  wa.s  evaluated  b\  using 
both  the  correlation  coefficient  and  paired  t  test.  Additional 
statistical  analysis  including  bia.s  (the  mean  difference  between 
measured  NO  and  |NO|).  precision  (the  ^)59c  confidence  inter- 
val for  the  bias),  and  the  limits  of  agreement  (bias  ±  2  SD) 
were  determined.  This  additional  analysis  further  assesses  the 
degree  of  agreement  between  measured  NO  and  [NO]  and  is 


based  on  the  statistical  methods  described  by  Bland  and  Alt- 
man.-'  For  each  analyzer,  the  biases  of  the  NO  measurements 
for  each  Fdo:  were  compared  using  I  -way  ANOVA.  Tlie  NO2 
measurements  were  also  comp;ired  between  imalyzers  utilizing 
a  2-way  ANOVA. 

Part  2:  During  the  first  series  of  evaluations,  we  noted  a 
large  discrepancy  in  NO2  readings  among  all  4  analyzers. 
Because  of  this  discrepancy,  we  conducted  a  second  test  to 
verify  the  accuracy  of  these  analyzers  using  known  con- 
centrations of  NO2. 

The  NOsourte  was  replaced  w  ith  a  N02-source  equipped  with 
a  flowmeter  calibrated  from  \-\5  L/min.  Five  NO2  concen- 
trations ranging  ( 1-8  ppm)  from  a  10-ppm  NO2  source  were 
titrated  into  the  delivery  system  described  in  Part  1 . 

The  concentrations  of  NO2  were  predicted  from  the  equation 


|NO:l  =  (NO:.sourc.)(J^) 

^  Vt,.i  .1  ^ 


where  [N0:|  is  the  predicted  NO:  concentration. 
NO:.soun.c  is  tlie  concentfation  of  NO:  in  the  source  tank 
in  ppm.  Vno:  is  the  set  flow  in  niL/min  from  the  NO: 
source,  and  Vjoial  is  total  flow  in  niL/min  and  is  the 
sum  of  the  V^o,  and  the  \entilator  flow  (Table  2). 


Table  2.      Predicted  Nitrogen  Dioxide  Concentration  [NO:]  w  ith  Vari- 
ous Flows  from  a  10-ppm  NO:  Source 


Vno-  (mL/min) 


VTuiji(L/minl 


Predicted  [NO:]  ippni) 


800 
1600 
3200 
4800 
6400 


8.0 
8.0 
8.0 
8.0 
8.0 


1.0 
2.0 
4.0 
6.0 
8.0 


The  same  ventilator  settings  and  monitoring  were  used, 
but  w  ith  a  Fdo;  set  at  0.2 1 .  Each  analyzer  was  studied  inde- 
pendently, and  NO2  measurements  were  recorded  after  .^  min- 
utes of  stabilization.  The  measurements  were  repeated  3  times 
for  each  analyzer. 

The  mean  values  for  each  set  of  3  NO2  measurements  were 
established  and  used  for  statistical  analysis.  The  comparison 
of  measured  NO2  and  INO2]  was  evaluated  by  using  both  the 
correlation  coefficient  and  a  paired  !  test.  Tlie  bias,  precision, 
and  limits  of  agreement  between  measured  NO2  and  [NO2] 
were  also  determined  as  previously  described  in  Part  1 .  -Sta- 
tistical analysis  was  accomplished  with  the  use  of  a  com- 
mercially available  software  package,  with  statistical  sig- 
nificance defined  as  p  <  0.05. 

Results 

Part  1 :  A  total  of  63  NO  and  NO2  samples  were  analyzed 
and  recorded  for  each  analyzer:  3  NO  and  NO2  measurements 
at  each  of  the  7  [NO]  and  at  each  of  the  3  Fdo:S. 
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Slrong  conelations  were  seen  between  the  mean  NO  mea- 
surements and  |NO]  for  all  4  analyzers:  lor  PMX.  r  =  0.999: 
BFX,  r  =  1 .0;  DRG.  r  =  1 .0;  and  42M,  r  =  0.997.  Despite  these 
strong  correlations,  differences  in  the  degree  of  agreement 
were  observed  between  |N()|  and  NO  measurements  with  all 
4  analyzers  (Table  3). 

Table  ^.      Comparison  ol  Measured  NO  u  illi  Predietod  ConeetUration 
[NO|  in  ppni 


PMX 


Analy/cr 
BFX  DRG 


42M 


Bias  ±  precision* -0.06  ±  1.13  -0.67±0.34'    l.48± 
Mean  %  bias  -0.2  7r  -2.2%  4.7  ^r 


1.09    - 


1.01  ±  1.1  I 
-3.2  9^ 


'  Bias  is  the  mean  difference  between  pretiieted  I  NO]  .md  measured  NO  levels  and 
precision  is  the  959c  confidence  interval  for  the  bias.  Tire  mean  7(  bias  is  the  aver- 
age ^/f  difference  between  lNO|  and  measured  NO  levels. 
•  p  <  C.G-S). 


There  was  no  significant  difference  between  NO  mea- 
sured with  the  PMX  analy/er  and  the  [NO|  (p  =  0.9 1.  The 


bias  ±  precision  was  -0.06  ±  2.49  ppm  (mean  percent  bias 
=  -O.ZVf ),  and  the  limits  of  agreement  were  -5.05  to  4.92 
ppm.  There  was  a  tendency  for  measured  NO  to  be  slightly 
low  when  [NO|  was  <  20  ppm  and  slightly  high  when  [NO] 
was  >  60  ppm  (Fig.  2).  The  difference  between  [NOj  and 
NO  measured  with  the  BFX  was  statistically  significant  (p 
<  0.001 )  The  BFX  appears  to  underestimate  the  (NO]  with 
a  bias  ±  precision  of  -0.67  ±  0.34  ppm  (mean  percent  bias 
=  -2.2'/f ).  The  limits  of  agreement  were -2. 16  to  0.81  ppm 
(Fig.  2).  There  was  a  significant  difference  between  (NO) 
and  NO  measured  with  the  fJRG  analyzer  (p  =  0.01 ).  The 
measured  NO  levels  tended  to  be  higher  with  u  bias  ±  pre- 
cision of  1 .48  ±  1 .09  ppm  (mean  percent  bias  =  4.7'/r ).  The 
limits  of  agreement  were  -3.32  to  6.28  ppm  with  a  tendency 
for  the  analyzer  to  measure  higher  NO  concentrations  when 
|NO|  was  >  40  ppm  (Fig.  2).  NO  levels  measured  with  the 
42M  tended  to  differ  from  the  |N01  (p  -  0.07).  The  mea- 
sured NO  was  lower  than  the  |NO|  with  a  bias  ±  precision 
of-1.01±  1.11  ppm  (mean  percent  bias  =  -3. 29^).  The  lim- 
its of  agreement  were  -5.88  to  3.87  ppm.  with  NO  mea- 
surements being  lower  at  [NO]  of  40  and  80  ppm  and  higher 
at  I  NO  I  of  60  ppm  and  <  20  ppm  (Fig.  2). 
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Fig.  2.  The  limits  of  agreement  (bias  ±  2  SD)  of  measured  NO  levels  and  predicted  concentration  [NO]  in  ppm.  The  difference  between  mea- 
sured NO  and  predicted  [NO]  is  plotted  on  the  y-axis  against  the  average  NO  (measured  NO  +  [NO]/2)  on  the  x-axis  for:  A.  Pulmonox-  II;  B. 
Bedfont  NOxBOX;  0.  Drager  Pacll  NO  and  190  NO2;  and  D.  Thermoenvironmental  42M. 
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As  [NO]  and  F[X):  were  increased,  the  NO2  measurements 
increased  with  all  4  analyzers,  but  the  degree  to  which  NO: 
measurements  increased  differed  among  analyzers  particu- 
larly at  [NO]  >  40  ppm  (Fig.  3).  The  maximum  NO2  mea- 
surements were  0.70  ppm  with  the  PMX.  3.07  ppm  with  the 
BFX,  1.33  ppm  with  the  DRG.  and  4.97  ppm  with  the  42M 
and  were  observed  at  the  highest  measured  Fdo:  of  0.92  and 
the  highest  [NO]  of  80  ppm. 


3-1 


o 

z 


Predicted  [NO]  (ppm) 

Fig.  3.  NOj  measurements  at  3  predicted  NO  concentrations,  or 
[NO].  Mean  NO2  measurements  in  ppm  on  the  y-axis  are  plotted 
against  [NO]  in  ppm  on  thex-axis.  ■  =  Pulmonox'  II,  '  =  Drager 
Pacll  NO  and  190  NO2,  =  Bedfont  NOxBOX,  and  =  Ther- 
moenvironmental  42M. 


The  mean  NO2  measurements  at  [NO]  of  40  to  80  ppm  were 
0.2 1  ppm  to  0.5A  ppm  with  the  PMX,  1 .0  ppm  to  2.42  ppm 
witli  the  BFX.  0.52  ppm  to  0.98  ppm  with  the  DRG,  and  1.14 
ppm  to  3.39  ppm  with  the  42M  (Fig.  3). 

The  mean  NO2  measurements  obtained  with  the  mainstream 
analyzers  (ie.  PMX  and  DRG)  at  [NO]  of  40  ppm  to  80  ppm 
were  0.37  ppm  to  0.76  ppm.  The  mean  NO2  levels  measured 
with  the  sidestream  analyzers  (ie.  BFX  and  42M)  were  1 .09 
ppm  to  2.91  ppm  (Fig.  4).  The  sidestream  mean  NO2  mea- 
surements were  significantly  higher  than  the  mainstream  mea- 
surements (p<  0.001 ). 

Monitored  ventilator  settings  remained  stable  tliroughout 
the  study  and  the  measured  Fdo;  decreased  as  [NO]  was 
increased.  The  miLximum  measured  Fno:  was  0.98  and  tx;cuned 
at  tlie  lowest  Vnq  of  30  niL/min  or  a  ]  NO]  of  3  ppm.  The  high- 
est Vno  that  was  used  was  900  mL,  or  a  ]N0]  of  80.9  ppm. 
and  resulted  in  a  maximum  measured  Fno,  of  0.92. 

For  each  analyzer,  the  biases  for  the  NO  measurements  at 
each  of  the  3  Fdo:^  are  included  in  Table  4.  There  were  no 
statistically  significant  differences  in  the  biases  between  each 
of  the  3  levels  of  Fdo:  with  respect  to  the  PMX,  DRG.  and 
42M  analyzers.  There  was  a  difference  in  the  bias  with  the 
BFX  analyzer,  in  which  the  bias  decreased  as  Fdo:  was 
increased.  There  was  a  statistically  significant  difference  in 
the  bias  for  a  Fdo2  of  0.30  versus  1 .0  (p  =  0.0 1 ),  and.  to  a  lesser 
degree,  for  an  Fdo:  of  0.60  versus  1 .0  (p  =  0.05 ). 


40  60 

Predicted  [NO]  (ppm) 


80 


Fig.  4.  Comparison  of  NO2  measurements  between  mainstream  ana- 
lyzers (  ..  =  Pulmonox'  II  and  Drager  Pacll  NO  and  190  NO2)  and 
sidestream  analyzers  (  =  Bedfont  NOxBOX  and  Thermoenviron- 
mental  42l\/l).  Mean  NO2  measurements  in  ppm  are  plotted  on  the 
y-axis  against  the  predicted  NO  concentration  [NO]  on  the  x-axis. 


Table  4.      Biases  of  NO  Measurements  in  ppm  at  Eacti  of  Tliree  Fdo;S* 


PMX 


Analyzer 
BFX'  DRG 


42M 


Bias?  at  Fdo,  0.30  -0.S5  -1.18  1.14  -O..";.^ 

Bias  at  Fdo;  0.60  -0.19  -0.69  1.57  -0.89 

Bias  at  Fdo;  100  0.8.5  -0.L5  1.66  -1.59 

*FdO'  =^  fractional  concentration  of  delivered  oxygen. 
'  p  <  0.05. 

Bias  is  the  mean  difference  between  predicted  [NO]  and  measured  NO  levels  in 
ppm. 


Part  2:  A  total  of  15  NO2  measurements  were  obtained 
with  each  analyzer:  3  NO2  measurements  at  each  of  the  5 
[NO2].  The  mean  values  were  determined  for  each  set  of  3 
NO2  readings  and  used  in  statistical  analysis.  Monitored  ven- 
tilator settings  remained  stable  thtoughoLil  the  study.  The  mea- 
sured NO2  correlated  well  with  the  [NO2]  for  the  4  analyz- 
ers: for  PMX.  r  =  0.995:  BFX,  r  =  0,999:  DRG,  r  =  0.999; 
and  42M.  r  =  0.998.  The  degree  of  agreement  differed  across 
all  4  analyzers  (Table  5). 

Table  5.      Comparison  of  Measured  NO:  with  Predicted  Concentration 
jNOi]  in  ppm 


PMX 


Analyzer 
BFX  DRG 


4:m 


Bias± 
precision*        11. 16  ±0.75     -0.29  ±0.25'    O..W±0.3.^'    -0.10  ±0.25 


Mean  '7c  bias 


3.! 


-7.0  % 


9.4% 


-2.4  % 


*Bias  is  the  mean  difference  between  predicted  [N0;|  and  measured  NO2  levels 
and  precision  is  the  9^%  confidence  interval  for  the  bias.  The  mean  %  bias  is  the 
average  %  difference  between  I  NO:]  and  measured  NO  levels, 
p  <  0.05- 
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There  was  no  difference  between  NOi  measured  with  the 
PMX  analyzer  and  the  INO2I  (p  =  0.6),  with  a  bias  ±  preci- 
sion of  0.16  ±  0.75  ppm  (mean  percent  bias  =  3.8%).  The  lim- 
its of  agreement  were  - 1 .04  to  I  ..^6  ppm  with  a  tendency  for 
measured  NO2  to  be  lower  at  INO2I  <  6  ppm  (Fig.  5). 

The  BFX  analyzer  measured  NOt  levels  that  were  sig- 
nificantly lower  than  the  |  N()i|  (p  =  0.0.^).  Tlie  bias  ±  precision 
was  -0.24  ±  0.25  ppm  (mean  percent  bias  =  -7.0%),  and  the 
limits  of  agreement  were  -0.70  to  0. 1 1  ppm.  Measured  NO2 
was  markedly  lower  when  INO2I  was  >  4  ppm  (Fig.  5). 

NO2  levels  were  significantly  higher  than  INO2I  when  mea- 
sured with  the  DRG  analyzer  (p  =  0.03).  The  bias  ±  precision 
was  0..39  ± 0.33  ppm  (mean  percent  bias  =  9.4%),  anil  the  lim- 
its of  agreement  were  -0. 14  to  0.93  ppm.  Measured  NO2  lev- 
els tended  to  be  lower  at  [NO2I  <  4  ppm  and  higher  at  [NO2I 
>  6  ppm  (Fig.  5). 

There  was  no  signilicanl  difference  obscr\  cd  between  NO2 
measured  with  the  42M  and  INO2I  (p  =  0.3).  The  bias  ±  pre- 
cision was  -0.10  +  0.25  ppm  (mean  percent  bias  =  -2.4%), 
and  the  limits  of  agreement  were  -0.50  to  0.30  ppm.  There 
was  a  tendency  for  measured  NO2  to  be  lower  at  [NO2]  between 
4  and  6  ppm  (Fig.  5). 


Discussion 

An  imporiant  technical  consideration  in  the  develop- 
ment of  an  inhaletl  NO  delivery  system  is  the  ability  to  ver- 
ify NO  doses  and  measure  NO2  concentrations.'""*'''  We 
have  demonstrated  that  the  NO  measurements  compared 
favorably  to  the  predicted  |NO|  in  the  4  NO-NO2  analyz- 
ers. These  analyzers  are  suitable  for  clinical  monitoring 
because  the  differences  between  the  measured  NO  and  the 
predicted  |N01  (mean  percent  difference  =  -0.2  to  4.7%) 
would  not  be  clinically  important  in  most  applications  of 
inhaled  NO. 

We  observed  that  the  difference  between  measured  NO 
and  [NO]  with  the  PMX  analyzer  was  low  when  |NO|  was 

<  20  ppm  and  high  when  [NO]  was  >  60  ppm.  This  resulted 
in  a  small  mean  percent  difference  of -0.2%  that  was  not  sta- 
tistically significant.  When  using  this  instrument  we  antic- 
ipate that  the  NO  measurements  vvouki  be  overestimated  when 
using  [NO]  >  60  ppm  and  undereslimaled  when  using  |NO] 

<  20  ppm. 

The  BFX  mean  percent  difference  was  -2.2%  and  con- 
sistently underestimated  NO  iwer  ihc  full  range  of  [NO].  The 
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Fig.  5.  The  limits  of  agreement  (bias  ±  2  SD)  of  measured  NO2  levels  and  predicted  [N02]  in  ppm.  The  difference  betvi^een  measured  NO2 
and  predicted  [NO2]  is  plotted  on  the  y-axis  against  the  average  NO2  (measured  NO2  +  predicted  NOa/a)  on  the  x-axis  against:  A.  Pul- 
monox" II;  B.  Bedfont  NOxBOX;  C.  Drager  Pacll  NO  and  190  NO2;  and  D,  Thermoenvironmental  42M. 
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42M  had  a  mean  percent  difference  of-3.2'7f.  NO  mea- 
surements were  underestimated  at  |NO|  of  40  and  80  ppm  and 
overestimated  NO  at  |NO|  of  60  and  <  20  ppm.  The  mean  per- 
cent difference  with  the  DRG  was  4.7%  and  similar  to  the 
PMX.  overestimated  NO  measurements  when  |N0|  was  > 
40  ppm. 

The  difference  between  NO  measurements  and  predicted 
I  NO]  may  be  related  to  equipment  calibration.  Calibration 
linearity  may  not  have  been  maintained  at  [NO]  >  23  ppm, 
although  each  manufacturer  reported  that  if  recommended 
calibration  procedures  were  followed,  a  stable  linear  rela- 
tionship would  be  achieved  up  to  80  ppm  of  [NO].  Additional 
bias  may  have  been  introduced  because  the  Oi  flowmeters 
are  not  calibrated  to  the  density  of  NO.  and  the  instrument 
used  to  verify  the  NO  flows  was  adjusted  to  the  density  of 
room  air. 

Electrochemical  analyzers  may  be  susceptible  to  impre- 
cision in  the  presence  of  positive  pressure."  In  I  study  in 
which  3  electrochemical  analyzers  were  evaluated,  the  BEX 
and  PMX  were  noted  to  ha\ e  significant  differences  in  bias 
as  PIP  and  PEEP  were  increased."  It  is  possible  that  despite 
calibration  under  constant  positive  pressure,  the  electro- 
chemical analyzers  used  in  our  study  may  have  been  sen- 
sitive to  the  pressure  fluctuations  of  the  ventilator  (ie.  PEEP 
to  PIP). 

The  Fdo;  may  also  influence  the  accuracy  of  these  ana- 
lyzers. Although  not  statistically  significant,  the  bias  for  NO 
levels  measured  with  the  PMX  appear  to  slightly  decrease  as 
Fdo:  is  increased,  and  the  biases  for  the  DRG  and  42M  tend 
to  increase  as  Fdo:  is  increased. 

The  effect  of  oxygen  on  the  bias  for  NO  measurements  was 
most  evident  with  the  BEX  analyzer  in  which  the  bias  decreased 
as  the  Edo:  was  increased.  In  a  similar  study,--  the  bias  of  NO 
measurements  was  also  observed  to  decrease  as  Fpo:  increased. 
In  this  study,  both  the  BEX  and  PMX  were  noted  to  have  sta- 
tistically significant  differences  in  the  bias  of  NO  measure- 
ments as  Edo:  was  increa.sed. 

The  differences  between  the  ]N0]  and  NO  measurements 
with  the  42M  may  be  due  to  the  phenomenon  refen'ed  to  as 
quenching."'-"-'  Quenching  occurs  with  chemiluminescence 
devices  and  results  in  the  underestimation  of  NO  and  NO: 
due  to  the  presence  of  water  vapor  and  other  gases,  such  as 
OaandCO:."' 

In  one  study-'  in  which  2  chemiluminescence  analyzers 
were  evaluated,  NO:  measurements  were  underestimated  by 
as  much  as  26*^.  The  reaction  chamber,  which  contributes 
to  the  estimation  of  NO:  measurements,  was  constructed  of 
stainless  steel.-"  The  conversion  of  NO:  into  NO  in  a  stain- 
less steel  reaction  chamber  becomes  interrupted,  particulaily 
in  the  presence  of  high  oxygen  concentrations,  and  results  in 
underestimated  NO:  measurements.-''  Chemiluminescence 
analyzers,  such  as  the  42M,  can  be  equipped  with  molybdenum 
reaction  chambers  that  greatly  reduce  the  quenching  effect 
of  NO..-" 


Despite  these  potential  sources  for  bias,  all  4  analyzers 
performed  similarly  with  respect  to  NO  analysis  and  are  rea- 
sonably precise. 

In  the  first  part  of  the  study,  we  anticipated  that  the  NO: 
measurements  would  increase  as  the  [NO]  and  Fdo;  were 
increased  because  the  rate  of  oxidation  of  NO  is  determined 
by  the  concentration  of  O:  and  the  square  of  the  NO  con- 
centration.-' We  did  not  anticipate  such  a  wide  discrepancy 
in  NO:  measurements  among  analyzers.  The  discrepancy  in 
NO:  measurements  was  most  evident  at  [NO]  >  40  ppm.  It 
is  unlikely  that  a  discrepancy  in  NO:  measurements  among 
analyzers  would  be  observed  if  low  NO  doses  (eg,  <  40  ppm) 
are  used.  However,  if  higher  NO  doses  are  used,  NO:  mea- 
surements appear  to  be  unreliable.  At  the  highest  ]N0]  and 
Edo:-  the  NO:  measurements  among  the  4  analyzers  ranged 
from  0.70  ppm  to  4.97  ppm.  We  further  demonstrated  that  the 
BEX  and  42M  analyzers  yielded  similar  NO:  readings  and 
that  they  were  significantly  higher  than  the  NO:  measurements 
obtained  with  the  PMX  and  DRG  analyzers. 

We  conducted  the  second  part  of  the  study  to  determine 
whether  the  analyzers  were  accurate  when  compared  to  a  pre- 
dicted ]NO:].  In  this  part  of  the  study,  we  demonstrated  that 
the  NO:  measurements  were  similar  in  all  4  analyzers  and 
correlated  well  with  the  predicted  ]NO:]  (mean  percent  bias 
-2.4  %  to  9A9c).  This  part  of  the  study  was  conducted  with 
a  Edo:  of  0.2 1 ,  and  the  effect  on  NO:  measurements  that  a 
varying  Edo:  would  have  is  not  known.  We  did  not  measure 
the  Edo:-  but  assume  that  it  was  <  0.21  because  of  dilution 
from  the  N:  balance  in  the  NO:  source  tank.  We  speculate 
that  the  difference  in  the  sampling  technique  is  responsible 
for  the  difference  in  NO:  measurements  between  analyzers. 
The  PMX  and  DRG  are  mainstream  analyzers,  and  the  BEX 
and  the  42M  utilize  a  sidestream  sampling  design.  It  is  likely 
that  the  sidestream  sample  line  is  a  potential  source  for  addi- 
tional NO:  production  because  of  the  additional  contact  time 
between  NO  and  O:.  A  longer  contact  time  would  result  in 
a  higher  production  of  NO:  and  falsely  high  NO:  values,  par- 
ticularly if  a  relatively  large-volume  sample  tube  and  slow 
sample  flow  were  used.  A  sample  flow  of  100  niL/min  was 
used  with  both  the  BEX  and  42M  analyzers.  The  dimensions 
of  the  sampling  tubing  used  were  length  91 .4  cm.  internal 
diameter  1 .5  mm.  and  volume  8  mL  with  the  BEX,  and  length 
92  cm,  internal  diameter  3.0  mm,  and  volume  14  mL  with 
the  42M. 

The  objective  of  inhaled  NO  administration  is  to  identify 
the  lowest  possible  NO  dose  that  results  m  the  most  favor- 
able physiologic  response.  In  our  protocols,  NO  doses  >  40 
ppm  tvpically  ;u'e  resened  for  brief  diagnostic  trials,  and  doses 
<  40  ppm  are  used  for  prolonged  therapeutic  applications. 
Other  studies  have  reported  favorable  responses  utilizing  NO 
doses  <  20  ppm  and  in  some  cases  as  low  as  100  parts/bil- 
lion.--^-'' Despite  the  use  of  low  NO  doses,  the  need  to  mon- 
itor NO  and  NO:  levels  in  NO  delivery  systems  remains  an 
important  safety  consideration."'  Industrial  standards  forenvi- 
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ronniciital  exposure  limits  are  a  time-weighted  average  of 
25  ppni  for  NO  and  short-term  exposure  limits  ranging  from 
I  to  5  ppm  for  NOi.-'-"  A  NO-NO:  analyzer  is  required  to 
detect  any  inadv  ertent  changes  in  NO  flows  or  other  deliv- 
ery system  malfunctions  that  may  result  in  over-  or  under- 
dosing of  NO  and/or  high  NO2  levels.  Thus,  the  discrepancy 
in  NO;  measurements  among  these  4  analyzers,  particularly 
at  high  NO  doses  is  clinically  important.  If  NO:  measure- 
ments approach  or  exceed  the  recommended  safe  levels,  there 
would  be  a  tendency  to  decrease  the  NO  dose  or  Foo,.  If  the 
sidestream  analyzers  provide  falsely  high  NO:  measurements, 
the  NO  dose  or  Fdo:  may  be  unnecessarily  decreased  below 
the  ideal  therapeutic  level.  However,  if  the  mainstream  ana- 
lyzers are  underestimating  NO:  concentrations,  the  NO:  lev- 
els may  be  approaching  the  limits  of  the  recommended  safe 
le\els  without  the  clinician's  knowledge. 

The  4  analyzers  that  we  have  evaluated  are  reasonably  ac- 
curate and  are  suitable  for  clinical  use.  but  some  limitations 
may  exist.  The  42M  and  DRG  are  designctl  for  cn\  ironmental 
use  and  may  require  adaptations.  We  fouml  the  42.V1  chcnn- 
luminescence  analyzer  to  be  somew  hat  cumlxMsome  and  nois\ . 
and  it  has  no  alarms. 

The  42M.  hovsever.  does  contaui  an  adjustable  sampling 
latc  that  nia\  pro\  itie  a  lastcr  response  time.  Chemilumi- 
nescence  models  are  currently  the  only  analyzers  that  can  mea- 
sure NO  in  the  parts/billion  range  and  are  used  to  verify  NO 
cylinder  concentrations.'** 

The  I  NO  I  can  be  predicted  witli  our  deliven'  system  because 
It  utilizes  a  continuous  How  of  gas. '^  This  ability  does  not 
replace  the  need  to  verify  the  |NO|  or  measure  NO:.  Insti- 
tutions imestigating  NO  therapy  should  e\ aluate  the  accu- 
racy of  their  analyzers  pailicularly  if  NO  doses  cannot  be  pre- 
dicted. Additional  factors  that  may  influence  the  choice  of 
analyzer  include  cost.  |-)ortability.  a\ailabilit\  of  alarms,  and 
ease  of  use. 

Conclusions 

We  ha\e  demonstrated  that  NO  measurements  compare 
favorabl)  to  predicted  |N()|  with  all  4  anal>zers  and  arc  suit- 
able for  clinical  use.  All  4  aiiaKzers  provide  precise  NO:  read- 
ings in  a  gas  mixture  of  room  air  and  NO;  but  pro\  ide  dif- 
ferent NO:  readings  in  a  gas  mixture  consisting  of  NO:  'ind 
O:  at  a  concentration  >().2I.  particularly  at  |NO|  >  40  ppm. 
The  difference  in  sample  technique  mav  account  for  the  dif- 
ferences in  NO:  readings  in  these  4  analyzers.  1-urther  iines- 
tigation  is  required  to  idcntilv  the  effect  of  sampling  technique 
on  NO^  measurements  with  those  aiiaUzers. 
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Points  of  View 


End-of-Test  Criteria  in  Spirometry: 
Zeno's  Paradox  Revisited 


In  the  5th  centutA'  BC.  the  Greek  philosopher  Zeno  of  Elea 
posed  the  folk)v\  ing  conundrum:  If.  as  we  approach  a  desti- 
nation, we  keep  closing  the  distance  by  half  the  original  dis- 
tance as  we  do.  then  how  is  it  we  ever  iirrive?  Dubbed  Zeno's 
paradox.'  this  line  of  thinking  has  come  to  epitomizx  the 
naysayer's  view  of  reaching  difficult-to-achieve  goals.  More 
th;m  2.000  years  after  Zeno  first  philosophized,  spirometrv'  was 
pioneered  by  Hutchinson  in  1846-  and  now  pro\ides  an  occa- 
sion to  revisit  Zeno's  paradox.  Spirometry  standards  have  been 
developed  regarding  criteria  for  acceptable  equipment  and  for 
acceptable  tests.  Indeed,  the  most  recent  set  of  American  Tho- 
racic Society  (ATS)  standards  became  available  in  Septem- 
ber 1 993.''  The  stand;trds  retain  older  criteria  for  ;in  acceptable 
stajt  of  test,  namely  extrapolated  volume  less  than  5%  of  forced 
vital  capacity  (FVC)  and  no  cough  in  the  first  second  of  expi- 
ration, and  slightly  modified  criteria  for  an  acceptable  end  of 
test,  namely  expiration  lasting  at  least  6  seconds  with  a  sub- 
sequent expiratory  plateau  lasting  at  least  1  second,  or  in  the 
absence  of  an  adequate  expiratory  plateau,  expiration  lasting 
15  seconds.  Modern-day  Zeno's  have  wondered  about  the  lat- 
ter end-of-test  criterion,  about  whether  it  is  harmful  to  exhort 
patients  to  "Blow.  blow.  blow.  blow,  blow!"  for  15  seconds, 
and  even  about  w  hether  achieving  this  end-of-te.st  criterion  is 
possible  in  patients  with  niiu-ked  airflow  obstruction. 

Our  purpose  in  this  Point-of-View  paper  is  to  examine 
whether  achieving  the  15-second  expiratory  time  end-of-test 
criterion  is  reasonable  and,  if  so,  to  consider  available  spiro- 
metric  techniques  to  increase  the  likelihood  of  achieving  this 
goal.  Our  interest  in  this  issue  has  been  riveted  by  our  par- 
ticipation as  a  Clinical  Center  in  the  National  Institutes  of 
Health-sponsored  Registry  for  Patients  with  Severe  Defi- 
ciency of  Alpha  1 -Antitrypsin.-'  In  this  natural  history  study, 
we  have  serially  tested  48  participants  with  severe  alpha 
I  -antitrypsin  deficiency.  Those  participants  had  a  baseline 
forced  expiratory  volume  in  the  first  second  (FEV] )  that  was 
40.0  (27.8)%  of  predicted  (mean.  SD).  The  specter  of  Zeno 
appears  to  us  every  time  we  attempt  to  meet  the  stringent 
quality  demands  of  this  Registry  while  testing  pafients  with 
severe  airflow  obstruction. 

Indeed,  the  difficulty  of  achieving  a  15-second  expiration 
in  a  subject  with  severe  airflow  obstruction  has  been  realized 


since  the  current  end-of-test  standards  were  first  promulgated 
in  1987.^  In  an  attempt  to  exorcise  the  specter  of  Zeno  and 
to  comply  with  end-of-test  standards,  pulmonary  clinicians 
have  sought  ways  to  reach  this  difficult  goal.  In  our  pulmonary 
function  laboratoiy,  we  first  gmned  insight  into  ways  to  increase 
the  likelihood  of  satisfying  an  end-of-test  criterion  while  test- 
ing a  65-year-old  man  with  severe  emphysema,  who  sur- 
prisingly achieved  a  20-second  expiration.  When  a.sked  about 
the  key  to  his  success,  he  divulged  that  the  technician  could 
not  tell  if  or  when  he  "backed  off  on  his  effort  as  long  as  he 
waited  until  a  few  seconds  into  the  maneuver  to  do  so.  Zeno 
be  gone!  Might  not  dynamic  airway  compression  and  "neg- 
ative effort  dependence"  be  hampering  the  ability  of  subjects 
to  sustain  an  expiratory  effort?''^ 

To  examine  this  hypothesis  and  to  develop  a  strategy  to 
improve  achieving  end-of-test  criteria,  we  undertook  a  ran- 
domized crossover  study  of  2  expiratory  strategies  in  48  indi- 
viduals with  spirometry  results  that  ranged  from  normal  to 
severe  aiiflow  obstruction.  We  found*^  that  the  rate  of  achiev- 
ing an  acceptable  end-of-test  criterion  for  the  overall  group 
was  I99f  when  the  standard  technique  was  used  and  58% 
with  a  modified  technique,  in  w  hich  the  subject  was  encour- 
aged to  relax  the  expiratory  effort  after  the  first  several  sec- 
onds of  exhaling.  The  longest  expiratoi^  times  increased  from 
an  average  of  1.^.3  to  19.7  seconds.  The  longer  expiratory 
times  also  yielded  larger  FVCs  for  the  more  obstructed 
patients.  Se\erely  and  moderately  obstructed  patients  pro- 
duced an  FVC  that  averaged  300  mL  higher  v\  hen  the  mod- 
ified technique  was  used.  No  clinically  important  differences 
were  found  for  midtlow  (FEF25-7,s':f ),  peak  expiratory  flow 
(PEFR),  or  FEVi.  More  specifically,  the  prolonged  expiraloiy 
times  and  laiger  FVC  values  were  achieved  without  decreas- 
ing FEV|.  Even  beyond  the  advantage  of  more  often  satis- 
fying end-of-test  criteria,  the  modified  technique  v\as  l'a\ ored 
by  patients  for  being  more  comfortable  than  the  standard  blow. 
blow.  blow,  blow  technique.  Even  such  inveterate  skeptics 
as  Zenophiles  must  concede  the  advantages  of  a  simple  tech- 
nique that  succeeds  more  often  with  fewer  side  effects  and 
greater  patient  satisfaction. 

As  confirmation  of  the  value  i)f  this  new  expiratory  strat- 
egy for  spirometry,  Moriyama  and  colleagues'*  subsequently 
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reported  their  experience  with  this  technique  in  a  series  of  1 1 
patients  with  severe  alpha  1 -antitrypsin  deficiency  resuUing 
in  severe  airflow  obstruction  (mean  FEV|  1 .00  [0.4]  L).  These 
investigators  e\'aiiialed  3  different  expiratory  strategies;  ( 1 ) 
the  traditional  method  in  which  the  patient  exhales  as  hard 
as  possible  for  as  long  as  possible,  (2)  the  modified  technique 
described,  and  (3)  a  siibmaxinial  techni(.|ue,  in  which  the  sub- 
ject is  instructed  to  blow  rapidly  but  w  itln>iit  maximal  effort, 
for  as  long  as  possible.  These  investigators  concluded  that  the 
traditional  method  produced  reduced  FVC  values,  less  fre- 
quent satisfaction  of  ATS  end-of-test  criteria,  and  in  1  patient, 
an  episode  of  syncope.  In  contrast,  the  modified  method  pro- 
duced significantls  longer  expirators  times  and  greater  val- 
ues of  FVC  (compared  to  the  traditional  method).  Also,  all 
patients  were  able  to  meet  an  ATS  end-of-test  criterion  using 
the  modified  technique.  Unlike  the  other  expiratory  strate- 
gies, the  submaximal  method  produced  longer  expiratory  times 
and  higher  FVCs.  but  the  FEVi,  FEF25-75%,  and  PEFR  exhib- 
ited unacceptable  variation. 

As  an  extension  of  this  study,  we  wondered  about  changes 
in  transpulmonary  pressures  that  accompany  this  modified 
technique.  To  assess  these  pressures,  we  asked  4  subjects 
with  severe  airfiow  obstruction,  with  a  mean  FEV;  of  37(6)% 
of  predicted,  to  undergo  placement  of  an  esophageal  balloon 
for  measuring  intrathoracic  pressures  and  to  perform  both 
standaid  and  modified  spirometry  efforts.  Our  lesulls  show 
that  during  the  standard  spirometry  maneuver,  transpulmonai^ 
pressures  peak  between  70  and  100  cm  H:0  [6.87-9.81  kPa| 
at  the  start  of  the  forced  exhalation  and  are  sustained  at  lev- 
els of  around  40-.^()  cm  H:0  [3.93-4.91  kPa]  until  ju.st  before 
the  end  of  the  maneuver.  During  the  modified  technique,  the 
transpulmonary  pressures  look  identical  to  those  obtained 
with  the  standard  technique  until  the  command  to  "Relax 
and  push  gently"  is  given.  At  that  point,  pressures  fall  to 
approximately  10  cm  HjO  [0.981  kPa|  and  are  sustained  at 
that  level  for  the  remainder  of  the  exhalation.  As  a  possi- 
ble explanation  for  patients"  subjective  preference  for  the 
modified  technique,  the  lower  sustained  transpulmonary  pres- 
sures would  be  expected  to  impair  venous  return  less,  thereby 
preserving  cardiac  output  and  cerebral  blood  tlow  and  min- 
imizing lightheadedness. 

Disgruntled  by  the  ability  to  actually  achieve  a  difficult- 
to-reach  goal,  disciples  of  Zeno  may  skeptically  ask:  "So  what? 
Is  there  benefit  in  achieving  a  1.5-second  expiialion  and  what 
difference  does  it  make  to  do  so  using  the  modified  tech- 
nique?" In  longitudinal  epidemiologic  studies,  achieving  end- 
of-test  criteria  consistently  would  permit  serial  comparison 
of  values  for  FEV|/FVC  and  FVC.  In  contrast,  if  subjects  have 
significant  airflow  obstruction  and  continue  to  accumulate 
exhaled  volume  for  each  second  of  expiration  up  to  1  .'i  sec- 
onds but  do  not  achieve  a  standard  expiratory  time,  then  the 
magnitude  of  FEV|/FVC  and  of  FVC  will  vary  for  techni- 
cal rea.sons  alone.  Since  our  initial  report  about  the  modified 
expiratory  technique,**  we  have  adopted  the  new  expiratory 


technique  with  one  modification.  We  consider  \5  seconds 
to  be  both  a  reasonable  goal  and  a  sensible  end  point  for  the 
exhalation.  We  continue  coaching  the  subject  to  exhale  and 
now  pro\  ide  periodic  updates  to  the  subject  on  how  much 
longer  before  the  exhalation  should  stop.  Wliile  using  the  mod- 
ified technique  w  ith  this  extra  coaching,  we  have  examined 
the  relationship  belueen  FVC  and  the  slow  vital  capacity 
(SVC)  obtained  on  the  same  patient  in  639  randomly  selected 
patient  lecords.'"  In  this  experience  with  the  modified  spirom- 
etry technique,  the  FVC  equaled  or  exceeded  the  SVC  (by 
more  than  5'/( )  in  .'i36  instances  (83.9%  ).  By  informing  the 
subject  how  much  longer  is  needed  to  sustain  exhalation,  we 
provide  a  psychological  "light  at  the  end  of  the  tunnel,"  which 
encourages  attainmg  1.^  seconds  of  exhalation  more  than  the 
open-ended,  "Keep  pushing!  Keep  pushing!""  that  typically 
accompanies  the  SVC  maneuver. 

Overall,  we  believe  that  achieving  spirometilc  end-of-test 
criteria  is  a  reasonable  and  attainable  goal,  even  in  subjects 
with  se\'ere  airfiow  obstmction.  We  describe  a  modified  expi- 
ratory technique  that  we  and  others  ha\e  found  useful  to 
enhance  achie\  ing  end-of-test  criteria  and  recommend  this 
technique  to  others  who,  like  Zeno  at  least  a  millennium  before 
spirometry  was  developed,  have  struggled  with  difficult-to- 
reach  goals. 
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CORRECTION 


Equation  17  and  IS  in  Appendix  1:  Model  Sequence  and  Equations  in  Granger  WM.  A  SCoP  com- 
puter model  of  steady-state  gas  exchange:  evaluating  the  oxygen-tension-hased  indices  of  venous  admix- 
ture IRespirCare  1996;41(7):585-594|  were  incorrect.  The  5-equation  sequence  is  listed  here.  We  regret 
the  enor. 

The  following  5  equations  describe  the  O:  dissociation  curve  and  are  the  fu'st  5  of  the  15  simultane- 
ous equations; 


Pcnrr=PaO:(10''), 

Z  =  0.n24(37-T)  +  0.4(pH-7.4)  -I-  0.06  (log[401-log  [Paco;]). 

U  =  AKPcorr)  +  A2(Pcorr)'+  A3(Pcorr)'. 


1141 
MM 


U 


3a0: 


1  -l-U 


,  and 


[171 


CaO:=(1.3y|Hb|KS.,<,,)-KB)(P,o;). 


1181 


where  Pcnn  =  the  corrected  P^,  based  on  pH.  T.  and  P,,{();;  Z  =  correction  factor  for  causes  of  shifts  in  the  oxy- 
gen dissociation  curve.  S^o:  =  oxyhemoglobin  saturation;  and  B  =  0.003 1 .  a  constant  for  dissolved  Oi. 
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Comprehensive  Respiratory  Care,  by  DR 
Dantzker,  NR  Maclntyre,  ED  Bakow.  with 
74  contributors.  Hardcover.  1.308  pages, 
illustrated.  Philadelphia:  W  B  Saunders 
Company.  1995.  $60.95. 

Three  months  before  I  was  asked  to 
review  Conipreliensive  Respiratory  Care, 

it  had  already  influenced  mv  practice.  I  had 
purchased  it  a  few  months  before  in  the 
exhibit  hall  at  the  California  Society's  annual 
meeting.  Impressed  by  the  noted  editors  and 
authors  and  by  the  comprehensive  and 
sophisticated  approach  of  the  text.  I  had  not 
been  able  to  resist  the  purchase. 

One  day  this  spring,  while  visiting  an 
affiliated  rehabilitation  facility.  I  was  asked 
to  recommend  the  respiratory  care  for  a 
tetraplegic  patient  with  left  lower-lobe  pneu- 
monia and  respiratory  failure.  I  infrequently 
care  for  spinal  cord  injury  patients,  so  I  con- 
sulted my  new  resource.  Chapter  48.  "Neuro- 
muscular Disorders."  contains  a  useful  sur- 
vey of  cenical  cord  injuries  and  discussions 
about  "quad"  cough,  abdominal  binders, 
phrenic  nerve  pacing,  mask  ventilation,  and 
the  use  of  resistive  inspiraloiy  exercises.  Dur- 
ing our  discussion  at  the  bedside,  positive 
expiratory  pressure  (PEP)  therapy  was  sug- 
gested as  an  intervention  for  the  tetraplegic 
patient,  but  no  one  knew  whether  the  patient 
was  capable  of  active  exhalation  or  which 
expiratory  muscles  were  responsible.  How- 
ever, the  answer,  with  the  necessary  citation, 
is  there  in  Chapter  48. 

Chapter  .3.  "Respiratory  Muscles."  con- 
tains serviceable  information  on  static  and 
dynamic  respiratory  muscle  testing  plus 
descriptions  of  respiratory  muscle  training 
methods.  The  authors  expound  on  this  in  fur- 
ther detail  in  Chapter  50.  "Pulmonaiy  Reha- 
bilitation." And.  they  supply  considerable 
discussion  of  PEP  therapy  in  the  chapter  enti- 
tled. "Bronchial  Hygiene."  Comprehensive 
Respiratory  Care  proved  an  effective  and 
efficient  reference. 

Weighing  in  at  7  pounds,  this  first  edi- 
tion, green-bound  treatise  is  hefty.  There  are 
62  chapters  arranged  in  5  sections: 

I.  Anatomy  &  Physiology 

II.  Diagnostic  Techniques 

III.  Therapeutic  Techniques 

IV.  Clinical  Problems 


V.    Respiratory  Therapy  Department 
Management 

There  are  26  chapters  within  the  Cliiucal 
Problems  section  that  deal  with  such  topics 
as  congestive  heart  failure,  obstructive  lung 
disease,  atelectasis,  and  gastrointestinal 
emergencies.  The  first  4  sections  are  clin- 
ically focused  and  comprise  889f  of  the  text 
pages. 

Section  V.  "Respiratory  Therapy  Depart- 
ment Management,"  accounts  for  tlie  remain- 
ing 12%  of  the  text.  At  first,  this  section 
seems  a  bit  out  of  place,  stuck  at  the  end  of 
an  exhaustive  and  authoritative  list  of  phys- 
iologic and  clinical  chapters.  But  these  chap- 
ters too  are  current,  progressive,  infomiative. 
They  also  present  less  obvious  managerial 
topics  such  as  ethics,  staff  and  patient  edu- 
cation, research  and  statistics,  and  the  legal 
aspects  of  clinical  care. 

The  3  editors  and  contributing  authors 
are  well  known  in  the  field.  David  R 
Dantzker  MD  is  Professor  of  Medicine  at 
Albert  Einstein  College  of  Medicine,  New 
York,  and  is  well  recognized  for  publications 
on  oxygen  delivery  and  ufilization.  Neil  R 
Maclntyre  MD,  Associate  Professor  of 
Medicine,  Duke  University  Medical  Cen- 
ter. Durham,  North  Carolina,  frequently  pub- 
lishes and  lectures  on  mechanical  ventila- 
tion and  weaning.  Eric  D  Bakow,  MA  RRT, 
is  Director  of  Respiratory  Care  at  the  Uni- 
versity of  Pittsburgh  and  has  been  a  mem- 
ber of  the  Clinical  Practice  Guidelines  Com- 
mittee for  Bronchial  Hygiene. 

When  one  buys  a  text  with  such  eminenl 
editors,  the  extent  to  which  they  actually 
author  the  text  is  significant.  In  this  case, 
authorship  is  as  follows:  Dantzker,  8  chap- 
ters; Maclntyre.  4  chapters;  Bakow.  3  chap- 
tere.  Tliere  are  7 1  additional  contiibulors  from 
vaiious  specialties — many  names  are  famil- 
iar to  me.  Analysis  of  the  contributors  reveals 
48  (65%)  physicians,  16  (22%)  therapists, 
and.  the  remainder,  doctors  of  philosophy, 
registered  nurses,  attorneys,  and  others. 

In  the  preface,  the  editor-authors  state  that 
because  respiratory  illness  is  rarely  confined 
to  lung  dysfunction  alone,  patient  care  in- 
volves many  professionals  from  various  dis- 
ciplines; and.  tlius.  respiratory  care  is  increas- 
ingly complex.  Therefore  they  assert  that  it 
is  their  purpose  to  expand  the  scope  of  Com- 


prehensive Respiratory  Care  beyond  that 
of  the  traditional  respiratory  care  textbook — 
to  make  it  useful  to  practitioners  from  all  dis- 
ciplines and  rele\'anl  to  daily  practice. 

My  first  impressions  of  this  work,  while 
thumbing  through  it  at  tlie  publisher's  exhibit 
booth,  still  hold  true  after  in-depth  review, 
and  are  consistent  with  the  authors'  stated 
goals.  This  text  "gets  down  to  business,"  it's 
not  a  primer;  it"s  a  comprehensive,  academ- 
ically focused  reference  to  respiratory  care 
diagnosis  and  treatment. 

The  page  layout  testifies  to  this  imme- 
diately. Pages  are  packed  from  border  to  bor- 
der with  infonnation.  Margins  are  filled  with 
instmctive  notes.  Helpful  listings  of  key  terms 
are  placed  at  the  beginning  of  each  chapter. 
This  effectively  serves  as  a  search  aid  when 
looking  for  new  concepts — a  nice  feature  for 
a  reference  source.  Here,  too,  one  will  find 
an  effective  learning  aid  in  the  frequent,  con- 
cise summaiy  statements  of  importiint  points. 

The  text  itself  is  robust  but  reads  easily. 
Throughout,  there  is  consistent  and  correct 
use  of  American  Thoracic  Society  and  Sys- 
teme  International  abbreviations  and  tenns. 
The  eye  navigates  the  page  conveniently; 
chapter  titles  and  subsections  are  alternately 
listed  at  the  top  of  each  page.  Chapter  top- 
ics and  subtopics  are  clearly  delineated  within 
the  text  in  boldface  headings.  And.  because 
I  "highlight"  as  I  read.  I  appreciate  the  pub- 
lisher's use  of  hea\ier  paper,  which  prevents 
bleed  through. 

Contributing  to  the  fullness  of  each  page 
is  the  ubiquitous  and  effective  use  of  excep- 
tional figures,  illustralions.  photographs,  dia- 
grams, and  tables.  These  pictorial  or  sum- 
mary elements  are  as  important,  if  not  more 
so,  as  the  text.  Each  has  the  power  to  con- 
vey concepts  that  may  have  taken  pai'agraphs 
or  pages.  The  chapter.  "Airway  Manage- 
ment" is  exemplary.  It  contains  numerous 
photographs  of  cadaver-airway  anatomy, 
both  sagittal  and  laryngoscopic  views,  that 
demonstrate  inslrumenlation  and  airway 
mainteiKuice.  The  chapter,  "Respiratory  Mus- 
cles," contains  a  rare  photo  of  the  vascular 
supply  of  the  diaphragm.  In  "Tissue  Oxy- 
gen Deliveiy"  an  inniwative  figure  illustrates 
how  human  energy  needs  are  met  by  the 
environmental  cycle  of  oxygen.  Through- 
out the  management  chapters,  diagrams  rep- 
resent key  principles.  The  book  also  contains 
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invaluable  tables.  The  quality  and  use  of 
these  elements  distinguishes  the  text.  (My 
one  problem  with  the  figures  and  tables  is 
that  inany  ;ire  positioned  askew  of  page  cen- 
ter— .specifically  lliose  on  Pages  99.  1  .^2,  1 34. 
28.3.  343.  379.  544.  54.5.  among  others.) 

With  74  contributors.  62  chapters  and 
1 .308  pages,  the  text  also  contains  some 
problems.  For  example.  "Barotrauma  in 
Mechanical  Ventilation"  (Chapter  34)  is  an 
acceptable  but  obligatory  treatment  of  the 
topic.  This  chapter  repeats  the  traditional 
mantra  reg;irding  the  importance,  inileed  the 
pre-eminence,  of  peak  inspiratory  pressure 
(PlPl  in  this  process.  There  is  little  devel- 
opment of  the  more  cuncnl  conccpluali/a- 
tions  of  this  pnicess:  alveolar  overdistenlion 
(volutraunta).  sheaiing  forces.  ;uid  the  impor- 
tance of  distinguishing  PIP  from  peak  alve- 
olar pressure  as  monitored  by  plateau  pres- 
sure. (The  putative  virtues  of  inverse  ratio 
ventilation  ;ire  even  toutctl  without  presenting 
these  distinctions.) 

This  newer  synthesis  of  the  barotrauma 
literature,  with  its  shifted  focus  regarding 
mechanical  ventilation  ntanagement  was. 
iifterall.  sumni;m/ed  in  the  1993  ACCP  Con- 
sensus Conference  on  Mechanical  Venti- 
lation.' But  I  found  it  more  interesting  that 
most  of  these  concepts  are  briefly  presented 
in  another  chapter  subsection  of  the  text — 
Page  448.  Chapter  22.  Therefore,  one  could 
miss  the  latest  informalion  on  barotrauma 
after  having  read  the  chapler.  "Barolrauma," 
(The  problem  here  is  the  manner  m  which 
such  comprehensive  texll-Kxiks  aie  necessmily 
compiled,  ie.  authors  write  their  chapters ) 
without  e\er  actually  reading  "their"  book.) 

Case  I :  In  tlic  chapter  devoted  to  neonatal  res- 
piratory Ciire  (Chapler  54.  Page  I  .()4()).  ihc  autlioi-s 
describe  how  many  aulhors  have  developed 
nomenclature  and  classification  .schemes  tor  llic 
desciiplion  of  mechanical  venlilators.  They  lisl 
In  fable  .s4-I  the  classification  scheme  for  (heir 
chapter,  but  they  cite  no  reference.  The  classifi- 
cation scheme  they  present  is  Robert  Chalburn's- 
the  co-author  of  the  final  chapter  in  the  textbook. 

Case  2:  Chapler  26,  "Oxygen  Therapy,"  pre- 
sents a  page-long  (Page  512)  description  of  the 
venluri  mask.  In  the  discussion  of  venluri  masks, 
the  aulhors  stale  Ihal  ihey  o|KTale  on  Ihe  Bernoulli 
principle  and  then  cite  ihe  following  releience  by 
R.  Scacci.  "Air-enlnunmcnl  masks:  Jet  mixing  is 
how  they  work;  Ihc  Hernoulli  and  Venluri  prin- 
ciples are  how  they  don't."'  Chapter  55.  (Page 
1 .096)  "Prehospital  Respiratory  Care."  also  has 
a  subsection  about  oxygen  therapy  wherein  "air- 
entiaininciu  masks"  arc  discussed.  Chapler  55 


slaits  by  reminding  Ihe  reader  that  air-enlrainmenl 
masks  are  "ofien  incorrectly  referred  to  as  'Ven- 
luri masks'" — Chapler  26  meet  Chapler  55! 

Case  3:  "Oxygen  Therapy"  deals  with  anotlier 
topic  (Page  508)  that  needs  updating:  ihe  adverse 
effects  of  supplemental  oxygen  in  patients  with 
chronic  obslruclive  palmon;uy  disea.se.  This  sec- 
tion warns,  in  (he  Iradilional,  obligatory  manner, 
of  the  risk  of  blunting  Ihe  chronic  hypcrcapnic 
patient's  respiratory  drive  with  excessive  sup- 
plemental oxygen.  But  a  number  of  studies"'"''  have 
shown  tlial  minute  ventilation  and  respiratory  drive 
are  Irequently  unchanged  in  these  individuals — 
a  point  rarely,  if  ever,  sufikiently  detailed  in  oxy- 
gen therapy  reviews.  (After  all.  anything  new  on 
this  topic  isof  interest.)  Again,  il  is  inieresiing  that 
"Pulmon;iry  Gas  Exchange"  (Chapler  6)  broaches 
ihe  poml.  bui  ciles  only  one  <if  several  studies. 


Chapter  21.  "Bronchial  Hygiene." 
describes  2  tlierapeutic  approaches,  postural 
drainage  therapies  and  PHP;  if  concordant 
with  the  book's  title,  there  might  have  been 
mention  of  newer  therapies  such  as  high- 
frequency  chest  wall  oscillation,  the  flutter 
valve,  or  intentiittent  percussive  ventilation. 
This  chapter  also  repeats  the  broad  clinical 
practice  guideline  definition  of  "postural 
drainage  therapies"  as  being  any  therapeutic 
intervention  designed  to  ( 1 )  mobilize  secre- 
tions. (2)  improve  ventilation-perfusion 
matching.  ;uid  (3)  norin;ili/c  functional  resid- 
ual capacity .  With  this  definition,  would  not 
most  "bronchial  hygiene  techniques,"  includ- 
ing PEP  and  the  3  omitted  techniques,  qual- 
ify as  "postural  drainage  therapies?" 

And  finally  in  "Unconvenfional  Support 
Techniques  for  Ventilation  and  Oxygen" 
(Chapter  24,  Page  470)  the  technique,  tra- 
cheal gas  insufflation  (TGI),  is  described, 
though  not  idenlilied  by  name,  within  the 
subtopic  "Apneic  Ventilalion  and  Oxy- 
genation." (TGI  has  been  more  frequently 
described  as  an  adjunct  lo  mechanical  ven- 
tilation.)  Tlien  in  "Weaning  Mechanical  Ven- 
tilatory .Support"  (Chapler  39.  Page  738).  air- 
way pressure  release  venlilafion  is  renamed 
"spontaneously  breathing  during  pressure- 
contmlled  inverse  ratio  ventilation."  Neither 
of  these  newer  lechniqucs  ;ire  indexed  using 
the  more  common  and  original  terms,  a  mis- 
leading omission.  But  more  important.  I  say, 
gi\e  (he  originators  their  due. 

All  tokl.  m>  concenis  aiv  only  suggestions 
for  the  next  addition.  This  text  is  more  than 
worthy  of  purchase.  Becau.se  it  goes  beyond 
the  introductory  text  with  comprehensive 
review  of  36  clinical  maiiatiement  issues  bv 


recognized  experts.  Comprehensive  Res- 
piratory Care  is  an  important  resource.  It  is 
distinguished  by  its  academic  ftK'us.  Tlie  fact 
that  a  number  of  familiar  topics  are  reorga- 
nized in  nev\  and  innovative  ways  is  a  worth- 
while bonus.  This  text  is  right  for  any  inquis- 
itive cliniciiui  who  faces  the  expmiding  scoi-k; 
of  respiratory  care  in  daily  practice. 

Jack  Co\  ington  BA  RKT  CPFT 

Asthma  Clinical  Re.search  Unit 

Uni\ersity  of  California  at  San  Francisco 

San  Francisco.  California 
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The  rcporlcd  worldwide  prevalence  of 
and  morbidit)  and  mortality  associated  with 
asthma  has  been  climbing  dramatically  dur- 
ing the  last  decade.  This  trend  continues 
despite  an  enhanced  awareness  by  the  med- 
ical professionals  who  treat  patients  with  this 
di.sease.  While  the  incidence  of  rhinitis  has 
been  deinonstrated  to  be  on  the  rise  in 
Europe,  lillle  has  been  siiulied  about  its 
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prevalence  in  the  United  States.  Asthma  and 
allergic  rhinitis  are  closeh'  linked,  and  it  is 
only  logical  that  this  textbook  examine  tlieir 
relationship  to  each  other. 

Asthma  and  Rhinitis  was  written  at  a 
time  when  profound  expansion  in  the  un- 
derstanding of  the  pathophysiology  of  these 
processes  was  occuiring.  This  book  is  tes- 
tament to  this  fact.  There  are  19  sections  and 
108  chapters  in  this  book.  Some  of  the  sec- 
tions include:  disease  classification,  epi- 
demiology, anatomy,  pathology,  mast  cells 
;uid  basophils,  eosinophils,  neutrophils,  lym- 
phocytes, macrophages  and  monocytes, 
platelets,  fibroblasts,  epithelial  cells,  medi- 
ators in  inflammation,  role  of  allergens  in 
the  airways.  ph>'siolog>'  of  the  airway, 
smooth-muscle  response,  adult  asthma,  and 
pediatric  asthma.  Each  section  contains  indi- 
vidual chapters  that  describe  either  asthma 
or  rhinitis  and  their  mterrelationship. 

The  co-editors  are  recognized  authori- 
ties on  these  diseases,  and  191  noted  authors 
from  around  the  world  have  contributed  to 
this  publication.  Each  section's  introduction 
and  conclusion  are  buttressed  by  a  wealth 
of  current,  well-docuinented.  and  detailed 
information — a  teinplate  that  allows  the 
reader  to  smdy  each  chapter  in  a  predictable 
and  consistent  manner. 

Each  topic  is  addressed  in  great  detail. 
For  example,  in  "Neuroanatomy  of  the  Air- 


ways."" found  in  Part  1 1 .  Chapter  48.  a  great 
deal  of  effort  is  put  forth  to  describe  neu- 
ropeptides with  a  detailed  description  of 
immunoreactivity  of  the  endotheliuin  in 
endobronchial  biopsies.  The  mechanisms 
and  the  relationship  of  neuropeptides  to  this 
inflammatory  process  are  explored  at 
length,  and  the  chapter  is  well  referenced. 
While  tliis  is  useful  infonnation  to  the  med- 
ical speciahst,  it  may  go  beyond  what  a  typ- 
ical 2-  or  4-year  respiratory-therapy-trained 
graduate  may  want  or  need  to  know  . 

We  noted  few  deficiencies;  howe\er.  on 
Page  1,188.  a  graph  that  details  dose-response 
curves  on  pulmonary  function  data  is  obvi- 
ously out  of  alignment  to  the  axes.  We  found 
it  interesting  that  only  1 4  pages  of  this  text 
are  dedicated  to  the  pediatric  patient  with 
asthma.  This  is  curious  because  asthma  is 
one  of  the  most  common  chronic  illnesses 
of  childhood,  affecting  more  than  3  million 
children  in  the  United  States. 

The  intended  readership  for  this  book  is 
not  the  respiratory  care  practitioner  (RCP). 
This  is  not  to  say  that  it  may  not  be  a  use- 
ful reference  for  the  inquiring  tlierapist.  How- 
ever, it  is  readily  apparent  after  scanning 
through  the  text,  that  the  target  audience  is 
the  medical  student  or  specialist. 

To  say  that  this  book  is  massive  or  all 
encompassing  is  an  understatement.  It  is. 
perchance,  the  ultimate  reference  book  for 


asthma  and  rhinitis.  This  textbook  should 
be  prominently  displayed  on  the  medical 
library  shelf  of  every  pulmonary  and/or 
allergy  and  immunology  department.  Its  use- 
fulness as  a  reference  cannot  be  disputed. 
We  also  suggest  that,  perhaps,  this  book 
should  have  been  divided  into,  at  least.  2 
books.  This  suggestion  is  made  in  light  of 
the  cost  (and  weight — 10  pounds)  of  the 
book.  Altliough  we  heartily  recommend  this 
book  as  a  reference,  we  suggest  that  the  RCP 
may  want  to  borrow  a  copy  rather  than  pur- 
chase it. 

Thomas  J  Kallstroni  RRT* 

Department  Manager 
Pediatric  Respiratory  Care 

Timothy  Meyers  RRT 

Asthma  Case  Manager 
Pediatric  Respiratory  Care 

Carolyn  M  Kercsmar  MD 

Associate  Professor,  Pediatrics 

Director.  Childrens  Asthma  Center 

Rainbow  Babies  and  Childrens  Hospital 

Cleveland.  Ohio 


*Mr  Kallstrom  is  also  the  American  Associa- 
tion for  Respirator.  Care  Representative  to  the 
National  Asthma  Education  &  Prevention 
Project. 
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Letters  addressing  topics  of  curreni  interest  or  material  in  REiSPlRATORY  CARE  will  be  considered  for  publication.  The  Editors  may  accept  or 
decline  a  letter  or  edit  without  changing  the  author's  views.  The  content  of  letters  as  published  may  simply  reflect  the  author's  opinion  or  inter- 
pretation of  information— not  standard  practice  or  the  Journal's  recommendation.  Authors  ol  criticized  material  will  have  the  opportunity  to 
reply  in  print.  No  anonymous  letters  can  be  published.  Type  letter  double-spaced,  mark  it  "For  Publication."  and  mail  it  to  Ri;si>IRA'l'ORY 
CARE.  1 1030  Abies  Lane.  Dallas  TX  75229-459.1. 


Helium-Oxygen  Therapy 
for  Asthma 

A  mtnihcr  iil  |i;ipcrs  ha\  e  feporlcd  ihc 
use  ot  ;i  heliuin-Dxygen  L'as  mi.xtiire  (so- 
called  liclio.xl  as  an  adjunct  to  con\entional 
treatuiciil  tliat  ma\  make  intubation  and 
ventilator  support  unnecessary  In  patients 
with  severe  asthma.'  "  poste.xtubation  stri- 
dor.^ upper  airway  tumor."  and  respiratory 
failure  from  COPD."  We  report  brielly  a 
case  of  severe  asthma  treated  with  heiiox 
therapy  in  which  intubation  and  mechan- 
ical ventilation  were  avoided. 

A  19-year-old  woman  was  admitted  to 
the  emergency  dep;irtment  with  severe  dys- 
pnea. Past  medical  history  revealed  chronic 
asthma,  steroid  use.  and  many  exacerbations 
requiring  intubation  and  mechanical  ven- 
tilation due  to  respiratory  failure.  She  had 
required  tracheotomy  with  subsequent  revi- 
sion of  the  trachea  5  years  earlier.  At  the 
lime  of  presentation,  the  patient  was  alert 
but  unable  to  speak  in  complete  sentences. 
She  was  cyanotic,  nostrils  were  llaring.  and 
her  breathing  was  labored,  with  respiratoiy 
rate  of  40  breaths/min.  blood  pressure 
l()4/W)  mm  Hg.  pulse  155  b/min.  and  axil- 
lary temperature  9H"  F.  Hemoglobin  satu- 
ration by  oximetry  (Spo,)  with  the  patient 
receiving  oxygen  at  6  L/min  b\  nasal  can- 
nula was  929; . 

Chest  ausctiltalion  revealed  UKirked  expi- 
ratory and  inspiratory  wheezing  bilaterally. 
Arterial  blood  gas  analysis  (ABGA)  on 
arrival  (2:30  l>M  l  revealed  pH  7.34.  p,co,  45 
torr.  P,o:  61  torr.  llCOr  2S  mFq/L.  S^o: 
899^^.  She  was  treated  with  subcutaneous 
epinephrine,  intravenous  aminophylline. 
prednisolone,  and  nebuli/'ed  albuterol  treat- 


ment without  improvement.  Within  20  min- 
ute.s,  SpOj  dropped  to  80%.  and  the  patient 
exhibited  stridor,  increased  nasal  llaring, 
accessory  muscle  use.  and  restlessness. 
.\BGA  at  2:50  PM  revealed  a  pH  7.3 1 .  Paccb 
(lO  toiT.  P,o:  48  torr,  HCO.,  29  mEq/L.  S^o: 
79%.  The  patient  was  alert  but  in  severe  dis- 
tress. She  remained  on  a  nasal  cannula  at  6 
L/min  and  was  placed  on  a  nonrebreathing 
oxygen  mask  connected  to  an  H  cylinder  of 
10%  helium-30%  oxygen  mixture  at  12 
L/min.  (We  estimated  that  in  a  proportional 
relationship,  the  nasal  cannula  at  6  L/min 
equals  44',f  O^.  diluting  the  helium  to  56% 
but  still  providing  a  less  dense  mixture, 
reduction  in  turbulence,  and  lessened  work 
of  breathing.')  Within  20  minutes,  the 
patient's  respiratory  rate  dropped  to  18 
breaths/min.  and  Spo,  increa.sed  to  99%.  She 
appeared  calm  and  was  able  to  speak  in  coin- 
plete  sentences,  although  she  was  surprised 
by  her  high  pitched  voice.  We  quickly  reas- 
sured her  that  this  was  normal.  .-Xt  3: 10  PM. 
an  ABGA  on  the  helium-oxygen  mixture 
revealed  pH  7.39.  Paco:  46  torr,  P,o:  180  torr, 
HCOr  27  mEq/I.,  SaO:  99%.  She  remained 
on  the  helium-oxygen  mixture  for  an  addi- 
tional 40  minutes,  at  which  time  it  was  dis- 
contintied  without  further  incident.  The 
patient  vv  as  discharged  from  the  hospital  6 
days  later. 

At  a  time  when  health  care  is  being  chal- 
lenged to  provide  quality  care  outcomes  in 
a  cost-effective  manner,  it  becomes  impor- 
tant to  consider  adjuncts  such  as  helium-oxy- 
gen, which  may  help  to  avoid  prolonged  and 
costly  care. 

Michael  I'olise  DO 

Department  of  Hmergenc)  Medicine 


Frank  Acosta-.\ustan  MS  RRT 

Di lector  of  Respiratory  Care 

West  Jersey  Health  System — 

Berlin  Division 

Berlin.  New  Jersev 
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As  part  of  our  celcbralion.  the  editors  have  chosen  to  repiihlisli  arlielcs  lh.it  have  appeared  in  past  issues  ol  llie  Journal. 
During  the  coming  months,  our  readers  are  invited  to  enjoy  this  historic  rellection  with  us. 


Reflecting  on  40  Years  of  RESPIRATORY  CARE: 


Then: 
Code  of  Ethics 

The  original  Code  of  Ethics  was  written  by  Sister  M.  Yvonne 

Revised  November  18,  1959 

American  Association  of  Inhalation  Therapists 


Preface 

The  professional  calling  of  the  Inhalation  Therapist  is  the 
dedication  of  unselfish,  loving,  and  intelligent  service  in  treat- 
ing conditions  associated  with  respiratory  pathology.  An 
app^iintment  to  continue  the  work  of  healing  which  Christ  began 
on  earth,  it  is  based  on  ethical  values  which  have  as  an  end 
the  ultimate  good  of  the  whole  person,  regtudless  of  race,  creed, 
nationality,  or  economic  status.  These  ethical  values  are  set 
forth  in  a  professional  code  based  on  the  natural  moral  law 
which  all  members  are  obliged  to  observe.  This  demands  per- 
sonalities of  intelligence  and  integrity  further  developed  by 
education  and  professional  training  to  a  realization  of  rights 
and  duties  in  regaid  to  the  profession,  the  physician,  the  patient, 
the  employer,  associates,  and  the  public. 

Although  the  private  life  of  the  Inhalation  Therapist  is  not 
a  proper  matter  for  a  professional  ethical  code,  it  must  be 
remembered  that  no  action,  while  on  duty  or  off.  can  be 
divorced  from  the  reputation  of  the  profession  as  a  whole. 

The  Profession 

1 .  The  fundamental  aim  of  the  medical  profession  is.  in  all 
instances,  to  conserve  life  and  promote  health.  The  knowl- 
edge and  services  of  the  Inhalation  Therapist  must  be  used 
solely  for  the  achievement  of  this  aim. 

2.  Inasmuch  as  scientific  research  daily  contributes  to  the 
improvement  of  methods,  techniques,  and  materials,  the 
Inhalation  Therapist  has  the  obligation  to  promote  his  pro- 
fessional competency  through  continued  study,  observa- 
tion, and  investigation. 


3.  Membership  in  the  American  Association  of  Inhalation 
Therapists  indicates  proper  professional  interest  on  the  part 
of  the  Inhalation  Therapist. 

4.  The  Inhalation  Therapist  should  maintain  personal  habits 
of  grooming  and  conduct  which  are  in  keeping  with  a  pro- 
fessional status  thus  inspiring  respect  and  confidence. 

5.  Tlie  professional  therapist  holds  in  strict  confidence  all  infor- 
mation of  personal  or  private  nature. 

The  Physician 

1.  The  Inhalation  Therapist  has  the  obligation  of  conscien- 
tiously implementing  the  physician's  orders  in  the  admin- 
istration of  Inhalation  Therapy.  The  legal  and  professional 
responsibility  rests  with  him. 

2.  The  Inhalation  Therapist  has  the  obligation  of  providing 
the  physician  with  intelligent,  alert,  and  progressive  ser- 
vice, in  the  sense  of  keeping  up  with  the  latest  techniques. 

The  Patient 

1 .  The  Inhalation  Therapist  renders  service  to  the  patient  as 
one  in  need  of  professional  ministrations:  the  therapist,  there- 
fore, transcends  such  things  as  ethnological,  religious,  and 
economic  considerations. 

2.  In  every  relationship  v\ith  the  patient,  the  Inhalation  Ther- 
apist should  manifest  a  knowledge  of  human  relations, 
demonstrating  a  spirit  of  kindness,  gentleness,  patience, 
and  understanding  sympathy. 

3.  The  Inhalation  Therapist  is  responsible  for  competently 
and  efficiently  administering  the  therapy  prescribed. 
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The  Employer 

The  Inhalation  Therapist  should  seek  employment  on  the 
basis  of  professional  qualifications  only. 
Contracts  (written  or  oral)  made  by  the  Inhalation  Ther- 
apist with  the  employer  are  to  be  fulfilled  in  letter  and  in 
spirit.  Changing  circumstances  may  justify  subsequent 
requests  for  modification  of  the  agreement. 
The  Inhalation  Therapist  may  justly  e.xpect  that  statements 
regarding  the  quality  of  his  work  will  not  only  be  true  but 
confidentially  given  and  received  by  his  employer. 
The  Inhalation  Therapist  has  a  right  to  a  just  remuneration 
for  his  services;  acceptance  of  additional  compensation  is 
unprofessional. 


a  whole.  The  therapist  should  conscientiously  fulfill  the 
duties  of  a  citizen  by  participating  in  community  planning 
and  promotion  of  good  public  relations. 

2.  The  Inhalation  Therapist  has  an  obligation  to  share  the 
knowledge  and  skill  of  the  profession  with  others  who  are 
working  for  the  common  gotxl.  The  cause  to  be  served  must 
supersede  the  private  good  of  the  Inhalation  Therapist. 

?>.  .-Xlthough  an  Inhalation  Therapist  should  exercise  the  right 
to  constructive  critlt'lsm,  he  should  be  loyal  to  his  profession, 
his  orszani/ation,  and  his  communitv. 


"Resolved  that  the  following  be  added  to  the  A.A.I.T. 
Code  of  Ethics: 


The  Associates 

1 .  The  Inhalation  Therapist  should  always  be  courteous  to 
associates,  according  them  understanding,  help,  encour- 
agement, and  loyalty;  the  therapist  sht)uld  be  especially 
interested  in  the  development  of  younger  workers. 

2.  In  the  practice  of  the  profession,  the  Inhalation  Therapist 
should  disclose  procedures  which  are  incompetent  and  dis- 
honest to  proper  authorities;  the  therapist  should  at  all  times 
avoid  unfavorable  comment  about  associates  to  others. 

The  Public 

I .  The  Inhalation  Tlierapist  should  reali/e  that  he  has  an  obli- 
gation, by  virtue  of  his  citizenship,  to  the  community  as 


1 .  It  is  unethical  for  an  Inhalation  TTierapist  to  profit  financially 
from  the  sale  of  inhalation  therapy  equipment  or  supplies 
unless  he  is  a  recognized  representative  of  that  company; 

2.  It  is  unethical  tor  an  Inhalation  Therapist  to  accept  a  gra- 
tuity in  any  guise  whatever,  wherein  such  gratuities  might 
be  interpreted  as  intluencing  sales  of  inhalation  therapy 
supplies  or  equipment; 

3.  Instructional  practices  by  a  company  or  by  representa- 
tives of  a  company  for  promotion  of  sales  of  their 
product,  utilizing  a  subsidy,  rebate,  or  gratuity  to  the 
student  are  unethical.  An  example  of  the  latter  may  be 
the  payment  of  expenses,  in  whole  or  in  part,  for  travel 
or  living."  IRespir  Care  I963;8(4):  18-19] 


RESPIRATOR'!  Care  •  September  '96  Vol  41  No  9 


His  roRicAL  Note 


Now: 


AARC  Statement  of  Ethics  and  Professional  Conduct 


In  the  conduct  of  their  professional  activities  the  Respiratory  Care  Practitioner  shall  be  bound  by 
the  following  ethical  and  professional  principles.  Respiratory  Practitioners  shall; 

•  Deinonstrate  behavior  that  reflects  integrity,  supports  objectivity,  and  fosters  trust  in  the 
profession  and  its  professionals. 

•  Actively  maintain  and  continually  improve  their  professional  competence,  and  represent 
it  accurately. 

•  Perform  only  those  procedures  or  functions  in  which  they  are  individually  competent  and 
which  are  within  the  scope  of  accepted  and  responsible  practice. 

•  Respect  and  protect  the  legal  and  personal  rights  of  patients  they  treat,  including  the  right  to 
informed  consent  and  refusal  of  treatment. 

•  Divulge  no  confidential  information  regarding  any  patient  or  family  unless  disclosure  is 
required  for  responsible  performance  of  duty,  or  required  by  law. 

•  Provide  care  without  discrimination  on  any  basis,  with  respect  for  the  rights  and  dignity  of 
all  individuals. 

•  Promote  disease  prevention  and  wellness. 

•  Refuse  to  participate  in  illegal  or  unethical  acts,  and  shall  refuse  to  conceal  illegal, 
unethical,  or  incompetent  acts  of  others. 

•  Follow  sound  scientific  procedures  and  ethical  principles  in  research. 

•  Comply  with  state  or  federal  laws  which  govern  and  relate  to  their  practice. 

•  Avoid  any  form  of  conduct  that  creates  a  conflict  of  interest,  and  shall  follow  the  principles 
of  ethical  business  behavior. 

•  Promote  the  positive  evolution  of  the  profession,  and  health  care  in  general,  through 
improvement  of  the  access,  efficacy,  and  cost  of  patient  care. 

•  Refrain  from  indiscriminate  and  unnecessary  use  of  resources,  both  economic  and  natural, 
in  their  practice. 

[Revised,  December  1994] 
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Speculation  on  Speculation 


A  legitimate  public  concern  is  how  to  speed  up  scientific 
discovery  and  its  application  to  clinical  medicine  and  surgery. 
Several  years  ago.  I  listed  IS  steps  between  the  initial  idea 
and  full  clinical  application  and  noted  that  delay  could  ocuur 
at  any  one  of  these  ( I ).  However,  I  ruled  out  one  of  these  as 
a  factor  of  importance — a  scientist's  indifference  toward  pub- 
lishing his  work  for  others  to  read.  It  is  true  that  historically 
there  have  indeed  been  some  notable  delays  between  an  ini- 
tial discovery  and  its  publication,  especially  in  past  centuries, 
when  the  author  of  a  ■"breakthrough"  was  apt  to  be  rewarded 
by  burning  at  the  stake  instead  of  by  the  Nobel  Prize;  authors 
then  had  some  understandable  reluctance  to  publish  at  all.  And 
in  European  scientific  circles  in  the  nineteenth  and  eail)  twen- 
tieth centuries,  we  must  confess  that  there  was  a  curious  phe- 
nomenon called  "the  sealed  letter"  (2).  But  in  modem  times, 
scientists  seem  to  report  their  discoveries  with  either  prudent 
or  immodest  promptness;  the  weight  of  Index  Medicus,  about 
5  pounds  per  month,  which  prints  only  title,  authors,  and  jour- 
nal reference  for  each  article,  w  ith  not  even  a  minuscule  sum- 
mary, is  proof  enough  of  authors"  urge  to  publish  for  all  to 
read,  confirm,  extend,  apply,  or  deny. 

Howe\er,  if  we're  honest,  we  can't  rule  luit  all  18  steps. 
There  are  steps  where  speeding  up  might  well  be  accomplished. 
One  of  these  I've  labeled  "Publisher's  Dawdle"  (3).  Another 
is  getting  newly  published  intbrmation  to  the  ne.xt  man  along 
the  line.  One  problem  here  may  be  not  what's  in  the  published 
article,  but  what's  not  in  it.  In  the  myriad  of  articles  listed 
monthK  in  Index  Mcdiciis.  what  is  usually  m>!  included  is  spec- 
ulation— an  author's  ideas  or  suggestions  reached  by  con- 
templation, reasoning,  conjecture,  or  surmise  but  not  yet  sup- 
ported by  sufficient  haid  data  to  merit  separate  publication. 
I  speculate  that  we  might  speed  the  advance  of  medical  sci- 
ence by  inviting  all  authors  to  include  some  speculation,  labeled 
clearly  as  such  in  their  scientific  lulicles.  to  follow  Introduction. 
Methods,  Results  and  Discussion — and  to  precede  and  not 
to  be  confused  with  the  author's  well-forlitied  Conclusions. 


Reprinted  with  permission  of  the  American  Lung  Association  trom  Am 
Rev  Respir  Dis  1977:1  l.s;343-.?49. 


Pediatrics  now  does  this  by  asking  author's  to  include  a  para- 
graph headed  "Speculation  and  Relevance,  or  Implications," 
but  most  journals  frown  on  such  a  practice. 

What  does  and  does  not  qualify  as  reasonable,  legitimate 
speculation? 

(a)  It  should  not  be  science  fiction  of  the  Tom  Swift  or  Star 
Trek  type  (predictions  of  what  the  next  centur>'  might  bring). 
This  would  exclude  Benjamin  Franklin's  1749  speculation  on 
his  electrical  cooker  (in  his  April  29  letter  to  Peter  Collison): 

It  is  proposed  to  put  an  end  to  them  |elcctrical  exper- 
iments] for  this  season,  somewhat  humorously,  in  a 
party  of  pleasure  on  the  banks  of  Skuylkil,  Spirits,  at 
the  same  time,  are  to  be  fired  by  a  spark  sent  from  side 
to  side  through  the  river,  without  any  other  conduc- 
tor than  the  water;  an  experiment  which  we  some  time 
since  performed,  to  the  amazement  of  many. 

A  turkey  is  to  be  killed  for  our  dinner  by  the  electri- 
cal shock,  and  roasted  by  the  electrical  jack,  before  a 
fire  kindled  by  the  electrified  bottle;  w  hen  the  healths 
of  all  the  famous  electricians  in  England,  Holland, 
France,  and  Germany  are  to  be  drank  in  electrified 
bumpers,  under  the  discharge  of  guns  from  the  elec- 
trical battery  (4j. 

On  the  other  hand,  Eadweard  Muybridge's  speculation 
might  be  acceptable  since,  in  1872,  he  had  indeed  invented 
motion  pictures,  and  Edison  a  little  later  had  put  together  a 
reasonably  good  phonograph.  In  1898  Muybridge  wtote.  in 
the  preface  to  his  book  Animals  in  Motion: 

The  combination  of  such  an  instrument  (motion  pie- 
lures]  with  the  phonograph  has  not.  at  the  time  of  writ- 
ing, been  satisfactorily  accomplished;  there  can,  how- 
ever, be  little  doubt  that  in  the — perhaps  not  far 
distant — future,  instruments  will  be  constructed  that  will 
not  only  reprixluce  visible  actions  simultaneously  with 
audible  words,  but  an  entire  opera,  w  ith  the  gestures, 
facial  expressions  and  songs  of  the  performers,  with  all 
the  accompanying  music,  w  ill  be  recorded  ...  for  the 
instruction  or  entertainment  of  an  audience  long  after 
the  original  participants  shall  have  passed  away  (5). 
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His  speculation  became  reality  in  1927  with  the  produc- 
tion of  The  Jazz  Singer"";  whether  Muybridge"s  speculation 
ignited  the  spark  of  invention  and  development  required  for 
"talkies""  is  not  known. 

(b)  Tlie  speculation  can  and  should  include  fields  completely 
outside  the  author's  interest  or  competence,  such  as  the  1896 
suggestion  that  new  ly  disco\  ered  X-rays  be  used  to  check  pas- 
sengers" luggage  for  concealed  bombs,  or  a  later  suggestion 
that  microvascular  surgical  technics  might  be  used  to  recon- 
struct successfully  a  ligated  vas  deferens  (when  the  owner  had 
new  plans  that  required  an  open  duct),  or  the  suggestion  that 
an  oral  diuretic,  designed  for  relieving  patients  with  congestive 
heart  failure  of  their  excess  fluid  collections,  might  lower  blood 
pressure  in  patients  with  essential  hypertension. 

(c)  The  speculation  must  not  be  an  obvious  next  step  in 
the  author's  continuing  investigation  if  he  has  already  bol- 
stered his  speculation  by  pilot  experiments. 

Adhering  to  this  qualified  definition,  let's  look  into  the  Ret- 
rospectroscope and  see  what  we  can  learn.  We  cannot  learn 
how  many  investigators  included  speculation  (useful  or  imprac- 
tical) in  their  manuscripts  because  we  can  look  only  at  what 
escaped  the  editor's  scissors  or  blue  pencil;  however,  we  can 
look  at  some  speculation  that  has  been  published  and  estimate 
its  impact  on  the  advance  of  medicine. 

Speculation  with  No  Impact 

Extracorporeal  Oxygenation 

Hooke  in  1667  wrote; 


Association:  because  he  was  not  a  surgeon,  presumably  he 
published  it  in  a  clinical  journal  only  to  call  it  to  the  atten- 
tion of  surgeons.  He  speculated  freely  for  them: 

Such  clamps  might  be  employed  to  arrest  hemorrhage 
from  a  wound  in  a  large  vessel  which  could  not  be 
clamped  completely  without  detriment,  and  dunng  the 
suturing  of  the  wound;  possibly  in  the  treatment  of  sac- 
culated aneurism  in  some  situations;  in  performing  lat- 
eral anastomosis  of  blood-\essels  in  cases  where  it  is 
undesirable  to  completely  occlude  one  or  both  of  the 
vessels  for  the  time  required  in  the  operation;  in  per- 
forming lateral  implantation  of  one  vessel  on  to  another 
which  must  not  be  totally  occluded;  in  inserting  a  can- 
nula lateralh  into  a  vessel  without  stopping  the  cir- 
culation when  there  is  no  convenient  brimch  of  the  ves- 
sel which  might  be  used,  or  where  it  is  disadvantageous 
to  occlude  such  a  branch;  in  narrowing  experimentally 
the  lumen  of  a  vessel  without  temporarily  occluding 
it.  especially  when  a  diminution  of  the  lumen  by  a  def- 
inite amount  is  desired,  etc  (7). 


As  far  as  I  know,  the  first  use  of  Stewart's  clamp.  36  years 
later,  was  in  1946  when  it  became  the  Potts'  clamp  and  was 
used  to  permit  aorta-pulmonary  artery  anastomosis  to  relieve 
cyanosis  in  blue  babies.  Because  Potts  was  unusually  gen- 
erous in  giving  credit  to  the  work  of  Blalock  and  Taussig 
that  preceded  his  operation,  but  never  mentioned  Stewart's 
clamp.  I  can  only  surmise  that  Potts  never  saw  Stewart's  arti- 
cle even  though  it  was  written  in  English  and  published  in 
the  JAMA. 


I  shall  shortly  further  try,  whether  the  suffering  the 
Blood  to  circulate  through  a  vessel,  so  as  it  may  be 
openly  exposed  to  the  fresh  Air.  will  not  suffice  for  the 
life  of  an  Animal;  and  make  some  other  Experiments, 
which.  I  hope,  will  thoroughly  discover  the  Genuine 
use  of  Respiration;  and  afterwards  consider  of  what 
benefit  this  mav  be  to  Mankinde  (6). 


This,  the  first  speculation  on  extracorporeal  oxygenation  of 
blood,  predictably  had  no  impact  on  medicine.  Oxygen,  micro- 
biology, anticoagulants,  blood  groups,  anesthesia,  and  mod- 
em surgery  still  had  to  be  discovered.  Extracorporeal  oxy- 
genation (/;'(/  become  useful  for  organ  perfusion  in  physiologic 
laboratories  in  the  nineteenth  century,  but  it  is  unlikely  that 
this  can  be  attributed  to  Hooke. 

The  Stewart  Clamp 

In  1910,  G.  N.  Stewart,  a  physiologist  well  known  for  his 
indicator-dilution  principle,  needed  a  device  to  occlude  an  artery 
only  partially  (for  operations  on  its  wall),  permitting  blood 
flow  to  continue  through  the  remainder  of  the  vessel.  He 
described  his  clamp  in  the  Journal  of  the  American  Medical 


Freeze  Drying 

In  1909,  Shackell,  trying  to  measure  accurately  the  gly- 
cogen content  in  liver  and  muscle  of  steers,  ran  into  the  prob- 
lem of  rapid  postmortem  hydrolysis  of  glycogen;  to  stop  this 
hydrolysis,  he  devised  a  method  of  rapid  freezing  followed 
by  vacuum  desiccation.  He  realized  that  freeze-drying  had 
wide  applications  to  the  preservation  of  sera,  of  other  com- 
ponents of  blood,  of  viruses  (e.g.,  of  rabies),  and  of  food. 
He  wrote: 

Experiments  so  far  indicate  that  all  material,  especially 
those  unstable  substances  associated  with  immunity 
work,  can  be  desiccated  as  outlined  and  can  be  indef- 
initely preserved. 

It  is  generally  recognized  that  no  chemical  changes 
take  place  in  perfectly  dry  substances.  The  products 
of  this  method  are  for  all  purposes  entirely  moisture- 
free.  Detenoration  in  them  is  therefore  absolutely  pre- 
cluded, providing  the  ordinary  precautions  of  stoppered 
containers  are  taken  to  prevent  contact  with  atmospheric 
moisture.  If  necessary,  substances  after  drying  can  be 
hermeticallv  sealed  /;;  vacuo. 
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The  speciiil  viiliie  of  the  methcxi  in  medicine  lies  undoubt- 
edly in  the  tleitl  ot  sertiiii-tlierapy.  One  of  the  great  prac- 
tical problems  has  been  the  prevention  of  auto-degen- 
eration in  serums  and  toxins.  It  has  been  tbund  possible, 
however,  by  the  use  of  this  method  to  obviate  autolysis 
of  such  typically  unstable  substiinees  as  the  complement 
of  guinea-pig  serum  and  the  vims  of  hydrophobia. 

Though  but  a  few  of  the  most  important  results  of  the 
method  have  been  mentioned  in  the  present  paper,  the 
writer  and  his  colleagues  appreciate  the  probability  of 
its  v\  idely  e.Mended  application  to  many  current  prob- 
lems, several  oi  vs  hich  are  being  attacked  at  the  pre- 
sent time  (8). 

Shackell  wrote  only  one  other  paper  on  freeze-drying.  deal- 
ing largely  with  proser\  ing  rabies  virus,  hi  these  two  papers. 
he  tossed  out  enough  ideas  to  excite  bitsic  and  applied  scientists, 
in  iMiiversitics  and  industry,  for  years  to  come.  But  (except 
for  Ciersh's  use  of  it  to  prepare  histologic  sections  in  19.^2) 
no  one  used  the  new  method  until  l^?'^.  and  it  had  little  appli- 
cation until  World  War  II,  when  it  became  important  in  the 
large  scale  production  of  preserved  dried  plasma  and  peni- 
cillin. Finally  industry  applied  it  in  the  IikkI  business  ;md  among 
othei  things  it  led  to  the  production  of  a  best  seller — instant 
free/e-tlried  coffee. 

Why  did  .ShackelTs  experiments  and  speculation  go  un- 
noticed for  almost  25  years?  Elser  and  co-workers  (9)  in 
19.^.5  wrote: 

Shackell  fully  appreciated  the  value  of  his  discovery, 
particularly  in  the  field  of  immunology,  but  apart  from 
publishing  a  paper  in  association  with  Harris  dealing 
almost  entirely  with  the  preservation  of  the  virus  of 
rabies,  he  apparently  failed  to  continue  this  line  of 
investigation  and  for  some  unaccountable  reason  his 
work  did  not  receive  the  attention  from  immunolo- 
gists  which  in  our  opinion  it  deserved.  Possibly,  the 
appearance  of  the  original  communication  in  the  .A/j/cv- 
icdii  Jinirnal  (>]  PhysiolDfiy  not  commonly  consulted 
by  bacteriologists  and  the  fact  that  sub.sequent  papers 
stressed  the  value  method  in  connection  with  the  con- 
servation of  rabies  virus  may  be  in  part  responsible 
for  the  lack  of  progress  made  in  this  field  ilining  the 
lime  that  has  intervened. 

Speculation  with  Impact 

On  the  other  haiul.  some  speculation  seems  to  lia\'e  been 
picked  up  reasonably  quickly  by  others,  whose  work  then  led 
to  specific  medical  atKances. 

Flame  Photometry 

Banies  in  1 445  speculated  on  a  w  ide  \  ariety  of  uses  of  this 
new  lechnic:  for  continuous  analysis  of  salts  in  w  ater.  for  deter- 


mination of  sodium 
analysis  of  biologic  materia 


and  potassium  in  soil  samples,  and  in  the 
•'-■•■'s(  l()|.  Of  the  latter,  he  said: 


Some  of  the  most  interesting  uses  to  which  these  insuu- 
ments  have  already  been  put  concern  the  analysis  of 
biological  materials.  In  the  hands  of  several  clinical 
research  workers,  the  llame  photometer  has  been  used 
successfully  to  analyze  such  materials  as  whole  blood, 
blood  serum,  urine,  body  fluids,  and  tissue  residues. 
These  analyses,  which  are  usually  both  difficult  and 
time-consuming  as  a  result  of  the  very  nature  of  the  sam- 
ples and  the  small  size  of  the  average  samples  which 
are  available,  may  readily  be  perfomied.  For  the  deter- 
mination of  sodium  in  blood  serum,  a  sample  of  as  lit- 
tle as  0. 1  niL  can  be  satisfactorily  analyzed  after  dilut- 
ing by  a  factor  of  I  to  100.  The  potassium  content  of 
serum  could  conceivably  be  determined  on  a  0. 1  -niL 
sample  after  diluting  to  2.5  niL  but  a  0.5-mL  sample 
is  much  to  be  preferred.  This  fact,  plus  the  speed  with 
which  the  analyses  may  be  completed,  makes  possi- 
ble certain  studies  w hich  have  hitherto  been  impossible. 

Thus,  in  the  clinical  laboratory,  the  tlame  photome- 
ter has  prosed  itself  to  be  a  most  valuable  instrument 
in  connection  with  research  on  metabolic  studies,  the 
rapid  diagnosis,  and  the  treatment  of  certain  diseases. 

Obviously,  pilot  studies  had  already  been  done  but  this  para- 
graph (published  in  liuhistrial  and  Engineering  Chemistry, 
a  nonmedical  journal)  stimulated  widespread  use  of  the  new 
instrument.  By  1947.  Hald  had  reported  careful  studies  of  Na* 
and  K*  in  biologic  materials  and  an  important  new  tool  was 
available  for  basic  and  clinical  research  and  clinical  diagnosis 
and  care. 

Blood  Oxygen  Tension 

Davies  and  Brink  were  primarily  interested  in  measuring 
the  O:  consumption  of  nerves  and  sympathetic  ganglia.  To 
do  this,  they  constructed  an  (0:  electrode  that  worked  well  in 
saline  solutions.  They  dabbled  a  bit  in  measuring  blood  Po: 
and  ran  into  a  few  practical  problems  that  they  believ  ed  could 
be  solved.  Their  main  interests  lay  elsewhere  but  Brink  did. 
in  1450  (II).  offer  this  suggestion  to  others: 

The  electrode  was  used  for  several  experiments,  but 
the  agar  plug  linallv  became  inettective.  The  princi- 
pal reason  is  that  agar  does  not  adhere  linnly  to  a  glass 
surface.  Further  development  of  electrode  coatings  is 
desirable.  Other  tests  indicate  that  a  collodion  mem- 
brane is  effective  but  can  be  used  only  where  mechan- 
ical damage  to  the  electnide  tip  is  not  likely  to  occur. 

The  measurement  of  dissolved  Ot  in  whole  blood 
seems  of  sufficient  importance  to  warrant  more  devel- 
opment of  these  methods  for  this  purpose.  The  plat- 
inum electrode  has  the  tiistiiict  adv  iintage  over  the  drop- 
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ping  Hg  type  that  it  can  be  interested  in  the  flowing 
blood  of  the  experimental  animal.  In  fact,  by  means 
of  a  motor-driven  syringe  it  would  he  possible  to  draw 
blood  from  a  human  subject  at  a  unitomi  rate  and  mea- 
sure the  dissolved  O:  therein.  The  tlow  rate  could  be 
as  low  as  3  cu  mm/min,  as  in  the  flow  respironieters 
used  in  this  laboratory.  It  is  appareul  that  ilw  com- 
ponent parts  exist  for  successful  development  of  an 
electrical  instrument  for  measurement  of  dissolved  O2 
in  whole  blood  in  situ.  All  that  is  required  is  an  inten- 
sive program  of  development  of  the  electrode  for  this 
specific  purpose.  Those  interested  in  iisini;  the  mea- 
surements must  decide  whether  such  a  development 
is  justified.  (Italics  added.) 

Lelaiid  Clark  did  have  a  specific  need  for  such  an  electrode: 
he  ingeniously  solved  the  problem  3  years  later  (12).  The  Clark 
electrode  was  soon  widely  used  in  basic  and  clinical  research 
and  clinical  care. 

Humoral  Transmission  of  the  Nerve  Impulse 

G.  L.  Brown  attributes  the  beginnings  of  this  novel  con- 
cept to  the  speculations  of  T.  R.  Elliott  in  1904.  Elliott,  after 
demonstrating  that  adrenalin  secreted  by  the  adrenal  medulla 
does  not  directly  stimulate  either  sympathetic  ganglia  or  nerves, 
but  does  not  excite  peripheral  tissue  (e.g..  smooth  muscle) 
innervated  by  sympathetic  nerves,  speculated  (13): 

Therefore  it  cannot  be  that  adrenalin  excites  any  struc- 
ture derived  from,  and  dependent  for  its  persistence 
on.  the  peripheral  neurone.  But  since  adrenalin  does 
not  evoke  any  reaction  from  muscle  that  has  at  no  time 
of  its  life  been  innervated  by  the  sympathetic,  the  point 
at  which  the  stimulus  of  the  chemical  excitant  is 
received,  and  transformed  into  what  may  cause  the 
change  of  tension  of  the  muscle  fiber,  is  perhaps  a 
mechanism  developed  out  of  the  synapsing  sympathetic 
fibre,  the  function  of  which  is  to  receive  and  transfonn 
the  nervous  impulse.  Adrenalin  might  then  be  the  chem- 
ical stimulant  liberated  on  each  occasi(m  when  the 
impulse  arrives  at  the  periphery.  ( Italics  added) 

Further  advance  waited  for  10  years  but  then  catne  in  suc- 
cessive studies  by  Dale.  Loewi,  Feldberg,  Brown,  Gaddum, 
and  Cannon,  and  opened  whole  new  fields  in  physiology 
and  pharmacology. 

In  1948  Ahlquisl  speculated  that  Elliott's  receptors  were 
of  two  types,  alpha  and  beta  adrenoreceptors  ( 1 3a):  his  pre- 
dictions led  to  a  search  for  agonists  and  antagonists  (block- 
ers) of  beta  receptors  and  to  finding  new  drugs  for  treating 
anhythmiasand  hypertension.  It  is  of  interest  that  Ahlquist's 
pharmacological  manuscript  was  turned  down  by  the  Jour- 
nal of  Pluinnacoldiiy  and  E.xperinieittal  Therapeutics  (too 
much  speculation?)  and  was  published  in  the  American  Jour- 
nal of  Physiology. 


Transfusion  Reactions 

Landsteiner  in  1900  discovered  that  immunologically  there 
were  three  different  types  of  human  blood  ( 14).  In  that  paper, 
he  did  not  speculate  that  transfusion  of  blood  of  one  type  from 
a  donor  to  a  recipient  whose  blood  was  a  different  type  might 
cause  hemolysis  or  agglutination  of  red  bkxxl  cells:  transfusions 
continued  w  itluiut  previous  matching  of  blood,  and  so  did  trans- 
fusion reactions.  But  in  1907,  Hektoen  published  a  brief  arti- 
cle in  the  JAMA  (15)  that  contained  no  data  but  did  contain 
the  following  speculation: 

By  means  of  a  refined  technic  Crile  recently  transfused 
blood  from  nomial  to  diseased  human  beings,  and  with 
apparent  success.  The  occurrence  of  i.soagglufinins  in 
human  blood  suggests  that  under  special  conditions 
homologous  tnuisfusion  might  prove  dangerous  by  lead- 
ing to  erythrocytic  agglutination  within  the  vessels  of 
the  subject  transfused.  It  has  not  been  possible  to  con- 
duct animal  experiments  on  this  point  because  of  fail- 
ure to  demonstrate  isoagglutinins  in  the  serum  of  suit- 
able animals.  //  may  be  pointed  out.  however,  that  the 
possible  danger  here  indicated  can  be  avoided  by  the 
selection  of  a  donor  whose  corpusiles  cue  lUH  agglu- 
tinated hv  the  serum  of  the  recipient  and  whose  serum 
does  not  agglutincUe  the  corpuscles  of  the  latter  [ital- 
ics added];  that  is  to  say.  donor  and  recipient  should 
belong  to  the  same  group  and  preferably  to  Group  I 
or  11.  The  actual  isoagglutinative  relation  of  the  donor 
and  the  recipient  are  readily  determinable  in  a  short 
time  in  the  manner  already  outlined. 


By  191 1.  Ottenberg  introduced  direct  cross-matching  of  blood 
from  donor  and  recipient,  and  transfusion  reactions  for  the 
most  part  came  to  an  end.  When  Hustin  in  1914  made  indi- 
rect transfusion  possible  by  adding  a  new  anticoagulant  cit- 
rate, to  blood,  blood  transfusions  at  last  became  a  safe  and 
practical  therapeutic  measure. 

The  Cardiac  Pacemaker 

In  195 1 ,  Callaghan  and  Bigelow,  like  others  before  them, 
tried  to  pace  an  animaFs  heail  with  an  electrode  in  contact 
with  the  natural  pacemaker,  the  si  no- atrial  node;  in  their  exper- 
iments, they  tried  to  achieve  this  contact  by  passing  an  elec- 
trode down  the  superior  vena  cava.  However,  they  noted  that 
■"from  the  practical  aspect  ...  intimate  contact  with  the  sint)- 
auricular  node  is  not  essential  for  good  control  since  distances 
up  to  three  quailers  of  an  inch  from  the  nodal  area  were  ade- 
quate." They  speculated  that  the  time  had  come  to  apply  this 
to  the  human  heart  beset  by  serious  iatrogenic  arrhythmias 
that  occurred  during  intracardiac  procedures  (16). 

Within  a  year.  Zoll  tiied  first  an  intraesophageal  electrode 
and  then  subcutaneous  needles  (placed  on  opposite  sides  of 
the  thorax)  in  man  and  successfully  paced  the  human  heart. 
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And  eventually  others  used  transvenous  pacing  of  the  human 
heart  much  as  Callaghan  and  Bigelovv  hail  suggested  from  their 
work  on  animals. 

Nitrous  Oxide  and  Etiier  Anesthesia 

Humphry  Davy  in  ISOO  speculated  that  "As  nitrous  oxide 
in  its  e\lensi\e  operation  appears  capable  of  destroying  phys- 
ical pain,  it  may  probably  be  used  with  advantage  during  sur- 
gical operations  in  which  no  great  effusion  of  bkxxl  takes  place" 
(17).  Davy's  former  pupil,  Michael  Faraday,  wrote  in  181 8, 

In  trying  the  effects  of  the  ethereal  vapour  on  persons 
who  are  peculiarly  affected  by  nitrous  oxide,  the  sim- 
ilanlv  of  sens;ition  produced  was  very  unexpectedly 
tound  tt)  have  taken  place.  One  person  who  always  feels 
a  depression  of  spirits  on  inhaling  the  gas,  had  sen- 
sation of  a  similar  kind  prixluced  by  inhaling  the  [ether] 
vapour  (18). 


Physicians  did  not  immediately  act  on  these  suggestions. 
Whether  ihe>  failed  to  read  them  or  were  fciirful  of  using  these 
gases  or  vapors  (despite  the  incalculable  benefits  of  a  gen- 
eral anesthetic  agent),  we  cannot  say.  But  someone  noted  them, 
because  "laughing  gas"  pailies  became  pretty  common  there- 
after. Ot)e  ad\  enturous  group  asked  Dr.  Crawford  Long  in  1 842 
to  prepare  some  nitrous  oxide  for  an  evening's  lark:  he  replied 
that  he  didn't  have  the  apparatus  for  making  the  gas  but  he 
did  have  some  ether  and  that  would  do  the  trick  just  as  well. 
As  a  result  of  these  parties  and  the  obvious  analgesia  that  ether 
or  nitrous  oxide  confen-ed  on  those  injured  after  falling.  Long 
deliberatelv  used  ether  for  surgical  anesthesia  in  1842,  and 
Colton  and  Wells  used  nitrous  oxide  in  1844. 

Thoughts  on  Speculation 

I  haven't  done  a  systematic  analysis  of  how  many  authors, 
in  what  periods  of  time  and  in  what  cultures,  have  speculated 
(beyond  the  facts  on  which  they  based  conclusions  or  rec- 
ommendations) and  whether  their  speculation  was  right  or 
wrong.  Nor  have  I  tried  to  determine  numerically  how  many 
investigators  were  strongly  influenced  by  earlier  speculation 
of  others  and  hov\'  long  it  took  them  to  be  so  inlluenced.  Accu- 
rate data  on  this  are  hard  to  obtain  because  the  rigid,  stereo- 
typed format  of  today's  scientific  paper  favors  an  author  who 
would  like  to  avoid  acknowledging  the  source  of  his  ideas 
ov  hypothesis. 

However,  of  a  random  sampling  of  50  articles*  in  which 
authors  did  speculate,  only  4  proved  later  to  be  wrong.  These 
were  Sir  Almroth  Wrisiht  in  1894  on  oral  administration  of 


*  .All  of  these  were  "key  articles"  cnicial  to  clinical  advances  in  cardio- 
vascular medicine  or  sursierv  ( 19). 


citrate  or  calcium  to  influence  blood  coagulation  in  man  (and 
since  some  of  his  colleagues  were  later  to  call  him  Sir  .-Xlmost 
Right,  this  did  not  seriously  affect  scientific  advance);  How- 
ell and  Holt,  who  in  1917  assigned  no  clinical  importance  to 
heparinexcept  as  a  cause  of  hemophilia:  and  Hering  ( 1923) 
and  Koch  and  Mies  (1929),  who  thought  that  ineffective  carotid 
sinus  function  was  an  important  cause  of  hypertension  in  man. 
The  other  46  tossed  out  good  ideas  later  show  n  to  be  worthy 
of  the  further  investigation  of  them  by  others. 

If  this  analysis  of  randomly  selected  articles  suggests  that 
speculation  has  greater  potential  for  good  than  for  harm,  why 
do  scientific  articles  contain  little  or  no  speculation? 

( 1 )  First  is  the  ancient  dictum  that  "a  scientist  must  never 
go  beyond  his  facts." 

(2)  Even  though  speculation  is  put  into  a  separate  section 
and  boldly  labeled,  it  may  still  coine  through  to  some  read- 
ers as  "conclusions." 

(3)  Space  in  journals  is  expensive  and  when  a  review- 
er of  a  manuscript  says  "cut  it  in  half,"  the  first  thing  to  go 
is  speculation. 

(4)  A  serious  problem,  especially  for  young  investigators. 
is  that  speculation  gives  away  to  others  an  author's  best  ideas 
for  future  research  which  he  is  entitled  to  follow  up,  at  least 
within  a  reasonable  period  of  time.  Speculation  by  scientists 
working  in  industrial  scientific  laboratories  of  course  gives 
competitors  leads  to  highly  profitable  products. 

(5)  A  closely  related  problem  is  that  speculation  can  be  an 
unethical  device  for  an  author  to  claim  later  on  that  an  impor- 
tant discovery  was  really  his  work  though  he  put  in  no  actual 
experimental  time  or  effort  to  establish  the  validity  of  his  idea. 

(6)  Finally,  there's  the  rationalization  that  it's  not  worth 
the  effort  because  "you  can  lead  a  horse  to  water  but  you  can't 
make  him  drink. " 

I  believe  that  the  lime  has  now  come  when  we  should  give 
speculation  a  fair  trial  and  evaluate  its  impact  on  scientific 
advance.  It  could  provide  worthwhile  research  projects  for 
those  who  cannot  distinguish  between  the  more  and  the  less 
important  or  for  those  w  ho  lack  originality  but  are  technically 
superb  at  completing  important  research  projects  proposed 
by  others  (and  I  think  many  horses  will  drink  water  from 
another  well  w  hen  they  realize  theirs  is  dry).  It  might  put  to 
an  experimental  test  some  ideas  that  otherwise  die  when  a  bril- 
liant scientists  dies.  And  if  we  could  bring  together  into  one 
jt)urnal  well-edited  speculation  from  many  fields  of  science, 
we  might  speed  entry  of  a  whole  new  set  of  ideas  and  con- 
cepts into  biomedical  research  and  greatly  extend  the  scope 
of  a  scientist's  reading. 

Finally,  if  we  believe  in  the  power  of  private  enterprise. 
here's  a  way  of  letting  individual  scientists  decide  for  them- 
selves which  of  many  promising  leads  to  explore  instead  of 
being  "directed"  by  non-scientists  w  ho  are  con\  inced  that 
sonu'one  must  act. 

Julius  H.  Comroe,  Jr. 
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Addendum 

I'd  like  to  see  speculation  become  a  respected  and  xaki- 
able  component  of  each  scientific  article  in  each  journal,  but 
it  seems  easier  to  start  a  new  journal  than  to  change  an  exist- 
ing one!  Just  about  20  years  ago  a  new  journal.  Perspectives 
in  Biology  aiul  Medicine,  appeared,  "designed  to  communicate 
heuristic  ideas."  and  in\  ited  readers  to  submit  new  hypothe- 
ses and  concepts.  Although  its  articles  have  always  been  inter- 
esting to  read,  relatively  few  have  dealt  specifically  with  "gen- 
eralizations, working  hypotheses,  leisurely  interpretation  and 
speculation  that  the  reader  might  cairy  to  the  laboratory  and 
to  the  bedside."  and  I  don't  think  it  has  fulfilled  its  promise. 

Recenth  another  journal.  Medical  Hypotlieses.  has  ap- 
peared on  the  scene  (20).  Let  David  F.  Horrobin.  its  editor, 
tell  w  hy  he  added  one  more  to  the  3.000  biomedical  journals 
now  in  existence: 

The  physical  and  chemical  sciences  long  ago  recog- 
nized that  observations  are  not  superior  to  hypotheses 
in  generating  scientific  progress  nor  are  hypotheses 
superior  to  obser\  ations.  Both  are  necessary.  While 
the  ideal  research  worker  may  be  one  who  is  equally 
able  to  generate  hypotheses  and  to  test  them  experi- 
mentally, these  sciences  also  recognized  that  such 
paragons  are  \ery  rare  indeed.  Most  scientists  are  much 
better  at  either  one  or  the  other  activity.  In  physico- 
chemical  fields  this  is  fully  accepted  and  the  contri- 
butions of  both  theoretical  and  experimental  scientists 
are  recognized. 

In  contrast  in  the  biomedical  sciences  there  seems  to 
me  much  ignorance  of  the  way  in  which  scientific 
advance  actiialK  occurs. ...  [Biologists]  ha\e  failed  to 
recognize  adequately  that  obserx  ation  is  always  more 
effective  when  disciplined  and  channelled  by  hypoth- 
esis.... Most  scientists  now  active  in  the  biomedical 
field  are  competent  observers  whose  ability  to  generate 
ideas  is  either  naturally  absent  or  has  been  stultified 
by  the  pre\ailing  philosophy.  As  a  result  they  spend 
their  time  in  making  more  and  more  detailed  obser- 
vations of  the  same  sorts  of  phenomena.  In  contrast 
a  few  have  far  more  ideas  than  they  could  possibly 
in\  estigate  but  their  potential  contribution  is  largely 
nullified  because  they  are  allowed  to  publish  only  in 
those  areas  where  they  have  done  experimental  or  clin- 
ical work.  If  only  these  differences  of  ability  and  empha- 
sis could  be  accepted  and  recognized  then  the  people 
with  ideas  (who  may  often  be  inept  experimenters) 
could  generate  a  steady  tlow  of  new  concepts  which 
might  rejuvenate  the  work  of  those  whose  primaiy  skill 
is  in  obser\  ation. 

Medical  Hypotheses  won't  accomplish  my  goal  of  sprin- 
kling reasonable,  legitimate  speculation  in  each  article  in  each 


journal:  it  won't  reach  many  indi\  idiial  subscribers  (S60/6 
issues)  or  carry  many  hypotheses  to  them  (about  eight  arti- 
cles exery  tv\(i  months) — but  it's  a  brave  start.  If  it  (.locsii't 
let  histoiy.  philosophy,  scxiology.  and  politics  of  science  crowd 
out  hypotheses,  journal  #3.001  should  be  a  valuable  addition 
to  the  present  3.000. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  I  for  the  March  issue, 
February  1  for  the  April  issue,  elcl.  Include  all  pertinent  infomiation  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 10.^0  .^bles 
L;inc.  Dallas  TX  75229-4593. 


1996  Publication  Awards 


Respiratory  Care  Week 


October  6- 


1996 


$1,000 

Radiometer  Awards  tor  Best  Feature  Articles 

from  Test  Your  Radiologic  Skill,  Blood  Gas  Corner, 

Kittredge's  Corner.  PFT  Corner,  and  Cardiorespiratory 

Interactions  accepted  for  publication  from 

November  1995  through  September  1996 

Sponsored  by  Radiometer  America 
(Divided  equally  among  three  winners) 

$1,000 

Best  Papers  by  1995  OPKN  FORUM  Participants 

Who  Have  Never  Published  as  First  Author 

Authors  must  have  presented  the  abstract  at  the  Annual 

Meeting  and  submit  a  paper  based  on  the  abstract 

to  the  Editorial  Office  by  October  1.  1996 

(Two  winners  -  $500  each) 

$1,000 

Best  Paper  based  on  an  OPKN  FORUM  Presentation 

Papers  accepted  for  publication  from  November  1995 

through  September  1996  based  on  any 

Open  Forum  presentation 


Ideas  and  products  for  Respiratory  Care  Week  are 
available  in  this  issue  and  the  1996  RC  Week  Catalog, 
mailed  with  the  June  issue  of  AARC  Times.  Call  the  RC 

Week  hotline  at  (214)  406-4684. 


Helpful  Web  Sites 

American  Association  for  Respiratory  Care 

http://www,aarc,org 

National  Board  for  Respiratory  Care 

http://www,nbrc,org 

Applied  Measurement  Professionals  Inc 

http://w  WW, applmeapro.com 

Food  and  Drug  Administration 

http://www.fda, gov 

Tuberculosis  Information 

http://ww  v\  ,uindnj,edu/ntbc 


$1,000 

Best  Paper  Published  in  RESPIRATORY  CARE 

Original  Study.  Evaluation,  or  Case  Report 

are  the  categories  for  consideration  for 

papers  accepted  for  publication 

December  1995  through  September  1996 

$2,000 

Dr  ,Mlen  DeVilhiss  Technology  Paper  Award 

Best  paper  published  from 

November  1995  through  October  1996 

that  addresses  new  technology  or  a  nev\  application 

of  current  technology  in  respiratory  care 

(Plus  tra\el  expenses  to  the  AARC  Annual 

International  Coinention  &  Exhibition) 


^  Conveo,, 


SAN  DIEGO 

November  3-6,  1996,  Sunday- Wednesday 

Look  for  this  year's  program  in  your  August 
issue  of  AARC  Times.  Advance  registration 
deadline  is  October  4.  19%. 
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The  National  Board  for  Respiratory  Care — 1997  Examination  Dates  and  Fees 


Examination 

CRTT  Examination 


RRT  Examination 


CPFT  Examination 


RPFT  Examination 


Examination  Date 

MarcliS,  1997 

Application  Deadline;  January  1.  1997 

July  12.  1997 

Application  Deadline:  May  1,  1997 

Novembers,  1997 

Application  Deadline:  September  I,  1997 

June  7.  1997 

Application  Deadline:  February  I,  1997 


December  (i,  1997 

Application  Deadline:  August  1,  1997 

June  7.  1997 

Application  Deadline:  April  I,  1997 

December  6,  1997 

Application  Deadline:  September  I,  1997 


Examination  Fee 

$  100 

(new  applicant) 

60 

(reapplicanti 

100 

(new  applicant) 

60 

(reapplicant) 

ion 

(new  applicant) 

60 

(reapplicant) 

100 

Written  only  (new  applicant) 

60 

Written  only  (reapplicant) 

110 

CSE  only  (all  applicants) 

210 

Bolli  (new  applicant) 

170 

Bolh  (reapplicant) 

no 

(new  applicant) 

80 

(reapplicant) 

160 

(new  applicant) 

130 

(reapplicant) 

160 

(new  applicant) 

130 

(reapplicant) 

Perinatal/l'cdialric  Respiratory      March  S,  1997 

Care  Specialty  Examination  Application  Deadline:  November  1.  1996 

For  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care,  8310Nienian  Road,  Lenexa  KS  66214,  or  call  (913)  ,-199-4200.  FAX  (913)  54I-0IS6,  email  nbrc-info<a'nbrc,oi 


While  at  the  Convention,  Don't  Miss 

Open  Forum's  Wall  of  Fame 

Stop  hy  the  Exhibit  Hall  and  peruse  abstract  pe^sters  trom 
more  than  200  presentations  on  the  following  topics: 

•  Beijside  Diagnostics  &  Monitoring:  You  Want  Me  To  Do  What? 

•  Humiditication — Relatively  Interesting,  Absolutely  Es.sential 

•  Changing  Perspectives  in  the  Classroom 

•  Pulmonary  Diagnostics:  Innovations  Plus  New  Twists  on  Classic  Procedures 

•  A  Fresh  Look  at  Some  Old  Problems  in  Pediatric  &  Neonatal  Care 

•  Aerosols:  Fitting  Together  More  Pieces  of  the  Puzzle 

•  Walking  the  Fine  Line — Good  Outcomes  and  Cost  Reduction 

•  Nitric  Oxide — A  Life  of  Its  Own? 

•  Right  Across  the  Continuum — Rehabilitation  &  Long-Term  Care 

•  Techniques  &  Protocols  Impacting  LOS  &.  Patient  Outcome 

•  Mechanical  Ventilation — We're  Still  Learning 

•  Protocols  &  Care  Plans — Implications  for  Managers,  Educators,  &  Clinicians 
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RE/PIRATORyC&RE 


Manuscript  Preparation  Guide 


Geni'i'ul  Information 

RrsPIRAIORY  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  nia\  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  .stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  RESPIRATORY  Care.  11030  Abies  Lane.  Dallas  TX 
75229-4593.  call  (214)  243-2272.  or  fax  (214)  484-6010. 


Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  in\  estimation  (a  study). 
It  includes  a  Title  Page.  Abstract,  Introduction,  Methods.  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments, 
References,  Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page,  Abstract,  Introduction,  Descrip- 
tion oi  Device/Method/Technique,  Evaluation  Methods, 
Evaluation  Results,  Discussion,  Conclusions,  Product  Sources, 
.•\cknowlcdgments.  References,  Tables,  Appendices,  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  thai  is  uncommon,  or 
was  managed  in  a  new  way,  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  case.  A  case-managing 
physician  must  either  he  an  author  or  furnish  a  Ictlci'  approving 
the  manuscript.  Its  components  arc  Title  Page,  Abstract,  Intro- 
duction, Case  Summary,  Discussion,  References,  Tables, 
Figures,  and  Figure  Captions. 

Review  .\rticle:  .A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summary  of  a  pertinenl  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page,  Outline,  Introduction,  Review  of  the  Literature.  Suniinary, 
.Acknowledgments,  References.  Tables,  .Appendices,  and  Figures 
and  Captions  may  be  included. 

Overview:  .\  critical  re\  icw  of  a  pertinent  topic  that  has  fewer 
th.iii  40  published  research  articles. 


Update:  A  report  of  subsequent  de\elopmenls  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 

Point-of-N'iew  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References, 
Tables,  and  Illustrations  may  be  included. 

Special  .Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
mav  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  .A  brief,  instructive  case  report  inxohing 
blood-gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  .A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  res- 
piratory care  ec|uipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating 
the  interaction  between  the  cardiovascular  and  respiratory  sys- 
tems. It  should  be  a  patient-care  scenario;  however,  the  case — the 
central  theme — is  the  systems  interaction.  CRI  is  characterized 
by  figures,  equations,  and  a  glossary.  See  the  March  1996  issue 
of  Respirator^'  Care  for  more  detail. 

Test  Vour  Radiologic  Skill:  Like  Hlood  Gas  Corner,  bul  iiuolv- 
mg  pulmonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  involve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book.  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 


Manuscript  Prhparation  Guide 


Preparing  the  Manuscript 

Print  on  one  side  of  wliite  bond  paper,  8.5  in.  x  11  in.  (216  .x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  comers.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors"  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract.  Text.  Product-Sources  List. 
Acknowledgments,  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients,  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal's  style  for  references.  Abbreviate  journal  names  us  ni 
Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

1.  Rau  JL.  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;.^7(11):1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  I: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1991  ;15(Mar):61. 62,64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospi- 
tals. RespirCare  1988;33(1 1):1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retneval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3.  Suppl):139S- 1 43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 


Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  dunng  spirometry.'  (eduorial).  .\m  Rev 
Respir  Dis  1993:I48(2):274. 

Editorial  with  no  author  gi\en: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  I992;340(8833):1440-1441. 

Letter  in  journal: 

8.  .-Xelony  Y.  Ethnic  nomis  for  pulmonary  function  tests  (letter). 
Chest  I991;99(4):1051. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma,  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura,  1990:76-85. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Department  of  Drugs.  .^MA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  GuenterCA.  Welch  MH, 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  LIse  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  1,  Fig.  2,  and 
so  forth  according  to  the  order  by  which  they  are  inentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 
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C'oniiiK'i-cial  Products.  In  parentheses  in  the  text,  identify  aii> 
ei)inmetvial  product  (including  mode!  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 
ences. Provide  model  numbers  when  available  and  manufacttn- 
er's  suggested  price,  if  the  siiidy  has  cost  implicaliiins. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  ihc 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  ami 
use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analy/.ing  the  data, 
and  give  the  prospectively  detennined  level  of  significance  in  the 
Methods  section.  Report  actual  p-values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests. 
Identify  any  general-use  or  commercial  computer  programs  used, 
naming  manufacturers  and  their  locations.  These  should  be  listed 
on  the  product-sources  page. 

Unit.s  of  Measurement,  lixprcss  measurements  oi  length,  height, 
weight,  and  volume  in  melric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
hiternationalel  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  toir.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example.  "PEEP.  10  cm 
H;()  lO.'WI  kPa|."  For  conversion  to  SI,  see  RliSl'IR.-vrORV  C.\KI 
1988;33(l()l;S6l-87.^(Oct  P)SX)and  I989;.34(2):I45  (Feb  I4,S4|. 

C'onfllcl  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or 
financial  arrangemenl  they  have  with  a  manutaclurer  or  distribu- 
tor whose  product  is  part  of  the  submitted  manuscripl  or  willi  llie 
manufacturer  or  disinbulor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
incluiled  on  (he  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  .ihbie\  lations  ami 
symbols.  Avoid  creating  new  abbreviations.  .Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  limes  in  the  paper. 
Write  out  the  full  term  the  Tirst  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  u.sc  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg.  10  I./min.  I.'S  torr.  23  kPa). 

Please  use  the  following  forms:  cm  II;()  (not  cmH20l.  f  (not 
bpm).  I.  (not  I).  L/min  (not  I.PM.  l/min.  or  Ipml.  iiiL  (not  ml), 
mm  Hg  (not  mniHg),  pll  (not  Ph  or  PH  I,  p  >  0.001  (.not  p>().()01;, 
s  (not  sec),  Spo,  (pulse-oximetry  saunalicm). 


Submitting  tlie  Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  Rl:S)'IR.\T()R'i'  C.ARi;,  I  lO.'^O  Abies 
Lane,  Dallas  TX  75229-459.3.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscripl  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscripl  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date; 
author' s  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  filenanie(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  nol  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material,  pnnul- 
ed  that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

.\uthorship.  .All  persons  listed  as  authors  should  have  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript; 
all  must  have  proofread  the  submilted  manuscript;  and  all  should 
be  able  to  publicly  discuss  and  defend  the  paper's  content.  A 
paper  with  corporate  authorship  must  .specify  the  key  persons 
responsible  lor  the  article.  Authorship  is  not  justified  .solely  on 
the  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
provision  of  advice,  or  similar  services.  Persons  who  provide 
such  ancillary  services  exclusively  may  be  recogni/cd  in  an 
Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  of  or  report  sensitive  personal 
information  about,  identifiable  persons;  and  to  name  persons  in 
the  Acknowledgments  section. 

Reviewers.  Please  supply  the  names,  civtlenlials.  allilialions, 
addresses,  and  phone/fa\  numbers  of  three  professionals  whom 
you  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
may  be  sent  to  one  or  nutre  of  ihem  for  blind  peer  review. 
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more  than  4  authors,  please  use  another  copy  of  this  form.* 

'Author  Data: 


Author  Signature/Date 


"Author  Data: 


"Author  Data: 


"Author  Data: 


Author  Signature/Date 


Author  Signature/Date 


Author  Signature/Date 


Has  this  research  been  presented  in  a  public  forum?     .  .  Yes         No 
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News  releases  aboui  new  produels  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRAIORY  C\Rti  Journal.  New 
Products  and  Services  Depl.  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


()2  C'ONCKNTRAIOR.  DeVilbiss  iii 
Iniduces  the  SolAiris  .Set  ics  of  Oj  con- 
CLMUiators.  .'\cxi)idiiig  to  IJeVilbiss.  tlic 
SolAiiis  111  is  a  cijiiipacl  3-L  iiiiil.  and 
tlic  SolAiris  V  is  a  t'lcxibie,  5-L  con- 
centrator -  both  arc  designed  to  pro 
vide  paticnt-tiiendiv  opciation  anil 
porlability.  Flic  SolAiiis  III  weighs  37 
|ioimds  and  has  handles,  grips,  and  4 
casters,  2  ot  which  aic  liont-lockiiig. 
In  addition,  it  leaiines  a  dual  head 
compressor,  single-solenoid  valve,  luvv 
wattage,  and  M-^  +  .^'i  concentration  at 
everv  liter  flow.    The  .Sol.Airis  V  is 
equipped  with  the  Dura-Aire  com 
pressor  with  a  .'i-ycar  hie  and  waiiaiitv 
Both  olTer  an  interrupt  alaiiii  v\  ithout 
a  battery,  a  pressure  sensing  system 
Ihal  adjusts  to  |iressure  changes  at  vary- 
ing altitudes,  a  sell-diagnostic  system 
with   LED  sequence,  audible  diag- 
nostics, and  a  ineniorv  button  lor  view- 
ing ihe  light  sequence  alter  the  unit  is 
linned  ol't.  Circle  reader  service  card 
number  MO  tor  nunc  details. 


In  I KR.\CTIVK  SOKI W  ARK.  Innovative 
Solutions  I'or  Health  Care  introduces 
the  interactive  computer  program 
Q)ui/Master  RR  T,  created  tor  student 
practitioners.  The  program,  according 
It)  the  company,  tealures  landoinly 
generated  questions  loi  sell  study,  pre- 


paies  the  siudeni  lor  national  board  ex- 
aininatioiis,  and  |X)iiils  out  the  student's 
siieiigths  while  emphasi/ing  areas  that 
lequire  more  study.  The  piogram  may 
also  be  challenging  tt)  experienced 
therapists.  (Jui/  Master  RRT  requires 
an  IBM  coin|xitible  personal  computer 
with  Windows  3.\'"  or  Windows  95'". 
lor  details,  circle  reader  service  card 
iiLimbei  91,  or  contact  Innovative  So- 
lutions via  the  Internet  at  http:// 
w  w  w, portal, ca/~i  lino  v/i  nnov.html. 


HU.H  I'RKS.SURK  DOMKS.  Spectra 
Medical  Devices  Inc  otTers  high  pres- 
sure domes  that  work  with  reusable 
transducers.  The  company  says  that  the 
domes  are  ctmstiucted  of  a  sturdy  poly- 
carbonate boilv  w  ith  a  clear  silicone 
or  polvcarbonate  membrane,  UPS 
class  six  materials.  All  fluid  pathways 
are  certified  lo  be  medical  grade  and 
are  ."SI OK  ajiproved.  For  more  infor- 
mation, ciicle  reader  sei\ ice  card  num- 
ber 92, 


MAKINQ  THE  MOST  Of  VOUS  NEXT  DOOOR  VISIT 


ma  &  Iinmunology  and  Glaxo  Well- 
come Inc  offer  a  patient  education 
booklet  designed  to  help  patients  man- 
age asthma.  According  to  the  design- 
ers, Mukiiii'  the  Most  of  Your  Next 
Doctor  Visit:  A  Personal  Asthma  Man- 
agement Monitor  encourages  asthma 
sufferers  to  pay  attention  to  how  asth- 
ma affects  their  health  and  lives.  Pa- 
tients are  also  given  an  easy-to-use 
chart  that  helps  them  record  their 
symptoms  and  communicate  with  their 
doctor  so  that  a  treatment  plan  can  be 
tailored  to  their  specific  needs.  For  a 
booklet,  circle  reader  service  card  num- 
ber 93. 


Fahknt  Educaiion  Booki.ki.  The 

American  Academv  of  Allergv  Asth- 


CLEANING  SYSTKM.  Geddis  Incor- 
jiorated  releases  the  SurgiSonic  "  Clean- 
ing System.  Geddis  claims  that  the  Sur- 
giSonic  is  designed  specifically  to  clean 
the  tight-fitting  interiors  of  both  la- 
paroscopic and  endoscopic  forceps.  The 
system  uses  a  combination  of  ultra- 
sound, channeled  suction,  and  filtration 
to  loosen.  renK)ve.  and  trap  debris  from 
the  instrument's  interior.  Three  instru- 
ments may  be  cleaned  at  one  time.  A 
3()-minute  cleaning  cycle  pulls  water 
through  a  22()-cm  endoscopic  forceps 
.'i  times.  For  details  about  the  Sur- 
giSonic's  2-week  trial  period,  circle 
reader  service  card  number  94. 


yi  AMI  V  ASSURANCE  PROGRAM. 

Nova  Biomedical  recently  created  a 
peer  group  comparison  program  for 
Nova  electrolyte  analyzers.  The  free 
Quality  Assurance  Program  pro\  ides 
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statistical  peer  group  analysis,  sim- 
plifies record  keeping,  and  satisfies  reg- 
ulatory and  maintenance  requirements, 
the  company  claims.  Unassayed  con- 
trol material  is  sequestered  for  specific 
laboratory  needs  and  sent  to  partici- 
pating laboratories.  Results  may  he 
logged  in  on  control  report  forms  or 
tabulated  on  a  computer  and  returned 
to  Nova.  No\  a  reviews  the  monthly  re- 
sults and  provides  a  peer  group  com- 
parison of  the  analyzer.  Circle  reader 
service  card  number  95  for  more  in- 
formation about  the  free  program. 


Spiro.METRY  System.  Burdick  Inc  in- 
troduces the  Presto  Stand-Alone  Spi- 
rometry System.  The  system  features 
a  compact,  user-friendly  design  with  an 
easy-to-read  display;  and,  with  the  use 
of  a  standard  .^-1.  syringe,  the  Presto  can 
be  calibrated  to  American  Thoracic  So- 
ciety recommendations,  Burdick  claims. 
The  Presto  offers  user-selected  predicted 
normal  values,  maneuver  acceptabili- 
ty-reproducibility  checks,  calculation 
and  comparison  of  both  pre-  and  post- 
BD  test  results,  and  interpretations. 
Other  features  include  full  reports  in  less 
than  .^0  seconds.  COPD  risk  assessment, 
and  lung-age  calculations.  Tlie  flow-sen- 
sor insert  can  be  removed  for  autoclave, 
gas.  or  cold-disinfectant  cleaning.  For 
more  details,  circle  reader  service  card 
number  96. 


■■IIB^ 


about  the  detector,  circle  reader  service 
card  number  9S. 


Ventilator  S-s sikm.  Bird  Products 

Coiporation  announces  the  TBird  Ven- 
tilator Systems.  According  to  Bird. 
TBird  is  a  self-contained  system  that 
uses  turbine  technology  with  an  in- 
ternal or  optional  external  battery  for 
uninterrupted  mechanical  ventilation 
of  critically  ill  patients.  The  system  has 
safety  features  such  as  apnea  back-up 
\entilation.  a  locking  mechanism  to 
prevent  accidental  changes  in  control 
settings,  color-coded  controls  that  are 
easy  to  read  and  set,  and  a  central  knob 
for  1 -button  operation.  For  more  in- 
formation about  the  TBird  system,  cir- 
cle reader  service  card  number  97. 


Ozone  Detector.  CFA  instniments 

Inc  lists  the  TCi-SOOKA  portable  o/one 
(O3)  gas  monitor  as  a  newly  available 
product.  The  monitor,  according  to  the 
manufacturer,  can  detect  O3  at  0.01 
ppm.  The  patented  gas  membrane  gal- 
vanic cell  sensor  never  needs  to  be  re- 
placed, and  the  internal  battery  is 
rechargeable  to  30  hours.  The  light- 
weight monitor  is  portable  and  contains 
a  battery  charger.  AC  power  supply, 
and  recorder  output   For  information 


Video  Imager.  Fuji  Medical  Sys- 
tems U.S.A.  Inc  releases  the  Fuji  FTI- 
1000  Thermal  Imaging  System  that 
prmts  up  to  6  miages  on  a  single  sheet 
of  transparent  or  reflective  polyester, 
FDA-appnned  film.  According  to  Fuji, 
the  film  can  he  archived  for  more  than 
10  years  without  image  degradations. 
The  system  accepts  images  fnnii  most 
medical  imaging  modalities  that  use 
a  variable  line  rate  video  signal,  in- 
cluding those  from  the  cardiac  catheter- 
ization laboratory,  ultrasound,  nucle- 
ar medicine,  computed  tomagraphy 
scans,  and  magnetic  resonance  imag- 
ing. The  imager  can  provide  a  print  in 
about  60  seconds;  each  roll  of  film  can 
produce  100  prints  or  more.  Options 
are  available,  circle  reader  service  card 
number  99. 


Infant  Nfbciizer.  PARI  Respira- 
tory Equipment  Inc  introduces  the 
PARI  Baby  medication  delivery  sys- 
tem. Designed  for  the  treatment  of 
asthma  in  babies  and  infants,  the  sys- 
tem is  a  reusable  nebulizer  with  a  soft, 
silicone  face  mask.  For  newborns  to 
?i  year  olds,  the  mask  is  available  in  .^ 
sizes.  According  to  the  company,  the 
elbow  attachment  can  be  rotated  to 
allow  medication  delivery  while  the 
baby  is  sleeping,  sitting  in  a  parent's 
lap  or  stroller,  or  while  the  child  is 
standing.  PARI  Baby  is  designed  for 
in-home  use  and  can  be  cleaned  in  the 
dishwasher  or  boiled.  Circle  reader  ser- 
vice card  nimiber  100  for  a  free  in- 
fi)rmation  packet. 
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Don't  Miss  the 

Research  Symposium 

at  the  42'"'  International 

Convention  &  Exhibition 

in  San  Diego 

Presented  by  the  Editorial  Board  of 

Respiratory  Care 

Wednesday.  November  6 

9:()()-l():55  am 'Rooms  lA-B 


9:00-9:15  am 
Program  Overview 

Joseph  L  Rau  Jr  PhD  RRT 

Georgia  State  University,  Atlanta  GA  /Chairing 

Introduces  and  reviews  the  1993-1995 

symposium  topics  and  the  key  topics  of 

knowledge  in  a  research  project. 

9:20-10:05  am 

Ethics  of  Human  Research  and 

Institutional  Review  Boards 

Dean  R  Hess  PhD  RRT 

Massachusetts  General  Hospital,  Boston  MA 

Defines  "ethics."  Explains  the  rationale  for 

board  regulations,  using  examples. 

Outlines  regulations:  exempt,  expedited,  full 

review  studies.  Details  the  key  elements  in  an 

Informed  Consent  Form. 

10: 10- 10:55  am 
Population  and  Samples: 
Concepts  and  Examples 

Joseph  L  Rau  Jr  PhD  RRT 

Describes  two  examples  of  sample  results. 

Defines  terms:  target  population,  accessible  pop- 

ulatiiMi.  sample.  Explains  analysis  of  examples 

using  these  distinctions. 

Details  example  of  population  criteria  used 

to  select  a  nonrandom  sample. 


Respiratory  Care 

and 

Medical  Direction 

in  a  Changing  World 

Saturday,  November  2 


During  the  42"'' 


nternational  Convention  & 
Exhibition,  the  AARC  and  Vanderbilt 
University  will  present  this  one-day  post- 
graduate course  for  physicians  only. 

The  program  is  approved  for  7  hours  in  Cate- 
gory I  of  the  Physician's  Recognition  Award 
of  the  American  Medical  Association.  Topics 
include  the  future  of  respiratory  care,  a 
primer  on  concepts  and  terms  in  health  care 
today,  the  role  of  the  medical  director  in 
today's  hospital,  medical  direction  beyond 
the  acute  care  hospital,  an  update  on  ARDS, 
patient  protocols  and  clinical  pathways  in 
respiratory  care,  clinical  practice  guidelines, 
departmental  restructuring,  and  how  to 
select  ventilators. 

Encourage  your  medical  director  to  attend  this 
informative  program.  The  $225  tuition  entitles 
physicians  to  complimentaiT  registration  to  the 
AARC  International  Con\  cntion  &  Exhibition. 

Contact  Robert  Czachowski.  PhD,  Director 

of  Education,  AARC.  today  at  214-243-2272 
(Fax  214-484-2720)  and  request  that  a 
complete  description  of  the  course  and  regis- 
tration form  be  sent  to  your  medical  director 
or  other  interested  physician. 
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Please  read  the  eligibility  requirements  for  each  of  the  classifi- 
cations in  the  right-hand  column,  then  complete  the  applicable 
section.  All  information  requested  below  must  be  provided, 
except  where  indicated  as  optional.  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  date  applica- 
tion on  reverse  side  and  type  or  print  clearly.  Processing  of 
application  takes  approximately  15  days. 


Active 
Associate 


Foreign 

Physician 

Industrial 


n  Special 
~  Student 


Last  Name 
First  Name  ^ 


Middle 


Social  Security  No. 

Home  Address 

City  

State 


.Zip. 


Phone  No.  (_ 


-) 


Primary  Job  Responsibility  (check  one  only) 

LJ  Technical  Director 

D  Assistant  Technical  Director 

D  Pulmonary  Function  Specialist 

n  Instructor/Educator 

D  Supervisor 

D  Staff  Therapist 

D  Staff  Technician 

12  Rehabilitation/Home  Care 

Z  IVIedical  Director 

"Z  Sales 

L:  student 

Other,  specify  


Type  of  Business 

Hospital 
Z_  Skilled  Nursing  Facility 
C  DME/HtVlE 
D  Home  Health  Agency 
D  Educational  Institution 
D  tVlanufacturer  or  supplier 
D  Other,  specify  


Date  of  Birth  (optional) 


Sex  (optional) 


U.S.  Citizen'' Yes     No 

Have  you  ever  been  a  member  of  the  AARC? 
If  so,  when?  From  to 


Preferred  mailing  address:  Home 


Business 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he.'she  lives  in  the  U.S.  or  ils  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  tfie  following  critena: 
(1)  IS  legally  credentialed  as  a  respiratory  care  professional  if  employed  in  a  state  tfnat 
mandates  sucfi.  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respiratory 
care,  OR  (3)  holds  a  credential  issued  by  the  NBRC  An  individual  who  is  an  AARC  Active 
fyiember  in  good  standing  on  December  8,  1994  will  continue  as  such  provided  his/her 
membership  remains  in  good  standing. 

Place  of  Employment 


Address 

City 

State  


Zip_ 


Phone  No.  (_ 


-) 


Medical  Director/Medical  Sponsor  ^ 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  re- 
quirements of  Active  Member  shall  be  Associate  fvlembers.  They  have  all  of  the  rights  and 
benefits  of  the  Association  except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing 
committee  The  following  subclasses  of  Associate  Membership  are  available:  Foreign, 
Physician,  and  Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly 
devoted  to  the  manufacture,  sale,  or  distnbution  of  respiratory  care  equipment  or  supplies) 
Special  fvlembers  are  those  not  worthing  in  a  respiratory  care-related  field 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB, 
NOT  THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 


Address . 

City 

State 


Zip. 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for 
Associate  Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care 
accredited  by,  or  in  the  process  of  seeking  accreditation  from,  an  AARC-recognized 
agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care 
Education  (CRCE)  transcripts  Upon  completion  of  your  respiratory  care  education, 
continuing  education  credits  may  be  pursued  upon  your  reclassification  to  Active  or 
Associate  Member 

School/RC  Program  


Address , 

City  

State  


Zip. 


Phone  No,  (_ 


-) 


Length  of  Program 

1  year 
L    2  years 

Expected  Date  of  GracJuation  (required  information) 

Month Year 


4  years 
G  Other,  specify. 
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Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help 
us  design  services  and  programs  to  meet  your  needs. 


Check  the  Highest  Degree  Earned 

High  School 
D  RC  Graduate  Technician 
D  Associate  Degree 
D  Bachelor's  Degree 
D  Master's  Degree 
D  Doctorate  Degree 

Number  of  Years  in  Respiratory  Care 

Q  0-2  years  DIM  5  years 

D  3-5  years  D  16  years  or  more 

n  6-10  years 

Job  Status 

Full  Time 
n  Part  Time 


Credentials 

D  RRT 
D  CRTT 
C  Physician 
C  CRNA 
D  RN 


n  LVN/LPN 

D  CPFT 

D  RPFT 

D  Perinatal/Pediatric 


Salary 


D  Less  than  $10,000 
D  $10,001 -$20,000 
G  $20,001 -S30, 000 
D  $30,001 -$40,000 
Cl  $40,001  or  more 


PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues  II  approved  for  membership  in  the  AARC,  I  will 
abide  by  its  bylaws  and  professional  code  of  ethics.  1  authonze  investigation  ol 
all  statements  contained  herein  and  understand  that  misrepresentations  oi 
omissions  ol  facts  called  for  is  cause  for  rejection  or  expulsion. 

A  yearly  subscription  to  Respiratory  Care  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $6.50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  chiantable 
contributions  lor  income  tax  purposes-  However,  they  may  be  tax  deductible  as 
ordinary  and  necessary  business  expenses  subject  to  restrictions  imposed  as  a 
result  ol  association  lobbying  activities.  The  AARC  estimates  that  the 
nondeductible  portion  ol  your  dues  •  the  portion  which  is  allocable  to  lobbying  - 
IS  26' o 

Signature 

Date 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC. 
Fees  are  for  12  months.  (NOTE:  Renewal  fees  are  $65.00 
Active,  Associate-Industrial  or  Associate-Physician,  or  Special 
status;  $80.00  for  Associate-Foreign  status:  and  $35.00  for 
Student  status.) 

D  Active  $77.50 

D  Associate  (Industrial  or  Physician)  $77.50 

D  Associate  (Foreign)  $92.50 

D  Special  $77.50 

D  Student  $35.00 


TOTAL 


$_ 


Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory 
care.  The  sections  publish  a  newsletter  four  times  a  year  that 
focuses  on  issues  of  specific  concern  to  that  specialty.  The 
sections  also  design  the  specialty  programming  at  the 
national  AARC  meetings. 


D  Adult  Acute  Care  Section 

$  5.00 

D  Education  Section 

$10.00 

D  Perinatal-Pediatric  Section 

$  5.00 

D  Diagnostics  Section 

$  5.00 

n  Continuing  Care- 

Rehabilitation  Section 

$  5.00 

Management  Section 

$10.00 

Transport  Section 

$  5.00 

^    Home  Care 

$  5.00 

D  Subacute  Care 

$  5.00 

TOTAL 

$ 

GRAND  TOTAL  =  Membership  Fee 

plus  optional  sections  S 

n  Total  Amount  Enclosed  $ 

n  Please  charge  my  dues  (see  below) 

To  charge  your  dues,  complete  the  following: 
MasterCard 
^  Visa 

Card  Number 


Card  Expires  /_ 

Signature 


Mail  Application  and  Appropriate  Fees  To: 
American  Association  for  Respiratory  Care  .11030  Abies  Lane  •  Dallas  •  TX  75229-4593  •  (214)  243-2272  •  FAX  (214)  484-2720 
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A.  Patient  information 


For  VOLUNTARY  rcportinj; 

b\  health  professionals  of  adverse 

e\ent>  and  product  problems 


FDA  Use  Only  (Resp  Gate) 


Page 


1     Patient  identifier 


In  confidence 


:     Age  at  time 
of  event: 

or  


B.  Adverse  event  or  product  problem 


1    LJ  Adverse  event 


Product  problem   -^  g    defectsmalfunctions) 


2    Outcomes  attributed  to  adverse  event      , — , 

(Check  all  Ihat  apply)  I I  disability 

I     I  congenital  anomaly 

r|  LJ  required  intervention  to  prevent 

permanent  impairment/damage 


I     I  death    

(mo/day/yr| 

I     I  life-threalening 

I     I  hospitalization  -  initial  or  prolonged        | |  other 


3  Date  of 
event 


4  Date  of 
ttils  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7    Other  relevant  history,  including  preexisting  medical  conditions  (e  g  ,  allergies, 
race,  pregnancy  smoking  and  alcohol  use,  hepatic  renal  dysfunction,  etc  ) 


ir 

FDA  Form  3500  1/96) 


Mail  to:     mIdWaKH  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 


Triage  unit 
sequence  f> 


C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mfr/labeler.  if  known) 

#1 


«2 


Dose,  frequency  &  route  used 


3    Therapy  dates  (if  unknown,  give  duration) 


ir  DesI  estimalel 


#1 


4    Diagnosis  for  use  (indication) 

#1 


6    Lot  #  (if  known) 

31 


7-   Exp.  date  (if  known) 
#1 


9    NDC  #  (for  product  problems  only) 


5     Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D  no    BTptfy"'' 


wDyesD™    ngg^Py"'' 


8     Event  reappeared  after 
reintroduction 

^iDyesDho    Dgg^fy"' 


"2  Dyes  Dho    Dgg^fy"'' 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


6 

model  #  _ 

catalog  # 

serial  # 

lot  #  


other  # 


4    Operator  of  device 
I     I  health  professional 
I     I  lay  user/palient 
I     I  other 


5     Expiration  date 


7    If  implanted,  give  date 

(mo'dav-'v* 


If  explanted.  give  date 

imo'day  yf| 


9    Device  available  for  evaluation?  (Do  not  send  to  FDA) 

I     I    yes  LJ  no  \_\  returned  lo  manufacturer  on  __ 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  back) 


1       Name  &  address 


phone  « 


2    Health  professional? 

□   yes       □    no 


3      Occupation 


■^      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  '  X  "  in  this  box.      ] j 


4    Also  reported  to 

I     I      manufacturer 
I     I      user  facility 

I     I      distributor 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  nsk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don  t  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 
more  information 

•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tors  office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  ttie  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  stnct 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity.  Including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporters  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  lor  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  colleclion  ot  information 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduclion  Project  (0910-0291) 
Hubert  H  Humptirey  Building,  Room  531-H 
200  Independence  Avenue,  S  W 
Wasrrmgton.  OC   20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  regulred  to  respond  to. 
a  collection  of  information  unless  (t  displays 
a  currently  valid  0MB  control  number 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U  S  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Healiri  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mall 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERMIT  NO.  946     ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MF 


:l)mTC 


H 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD   20852-9787 


|,,|,|||,i,l,il,,liliiilillil.iliiilli.liliiiliilill 


Nol-tor-profil  organizations  are  offered  a  free  advertisenicnt  of  up  lo  eight  lines  lo  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RESPIRATORS  Care.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  u  ish  the  ad  to  nan.  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  Care 
I  1030  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

September  19-20 — Indiana  Society 

The  annual  state  meeting.  "IRSC  Today," 
at  the  Indianapohs  Maniott.  Indianapolis. 
Indiana.  Contact:  Cheri  Bate  at  (3 1 7) 
929-8681. 

September  19-20 — Pennsylvania 
Society 

2.^rd  Annual  Seminar  in  Pulmonary' 
Physiology  and  Medicine  at  the  Sheraton 
Station  Square.  Pittsburgh.  Pennsyhania. 
Contact:  Lynda  Brynerat  (412) 
.^67-5428. 

September  23 — South  Carolina  Society 

Preconvention  seminar.  "Successful 
Strategies  for  Tomorrow's  Respiratory 
Care  Services."  at  the  Hilton  Hotel. 
Charleston.  South  Carolina.  CRCE:  6 
hours.  Contact:  Irish  Blakely  at  (803) 
771-5405  or  Laura  Lucas  at  (803) 
771-5535. 

September  30 — West  Virginia  Society 

Precon\'ention  seminar.  "Successful 
Strategies  for  Toinorrow's  Respiratory 
Care  Services."  at  the  Radisson  Hotel. 
Huntington.  West  Virginia.  CRCE:  6 
hours.  Contact:  Jay  Wildt  at  (304) 
442-7474  or  Jean  Fisher  at  (304) 
357-485 1 . 

October  2-4 — Kentucky  Society 

Annual  state  meeting.  "Strive  for 
Excellence."  at  the  Hurstborne 


Conference  Center,  Louisville. 
Kentucky.  Contact:  Janet  Vogt  at  (502) 
562-3002. 

October  1 1 — The  Southern  Chapter  of 
the  Colorado  Society 

3rd  Annual  Southern  Colorado 
Pulmonary  Medicine  Symposium  at  the 
Holiday  Inn  Garden  of  the  Gods. 
Colorado  Springs,  Colorado.  Lunch  is 
included  in  the  $15  fee. 
Contact:  Barry  Beard  at  (719)  776-521 1, 
fax  (719)  776-2535. 

October  15 — AARC  Video  Conference 

"Capturing  Respiratory  Services  Outside 

the  Hospital — Part  II:  Subacute  Care," 

Part  6  of  the  1996  7-part  \ideo 

conference  "Professor's  Rounds  in 

Respiratory  Care."  from  12:30  to  2  p.m. 

Easteni  Time. 

Live  telephone  question-and-answer 

session  airs  Nov.  18. 

CRCE:  1  credit  hour.  Contact:  AARC  at 

(2141243-2272. 

November  2 — AARC  Preconvention 
Postgraduate  Course 

4th  Annual  Postgraduate  Course  for 

Physicians  Only,  in  San  Diego. 

California. 

The  1-day  program  is  approved  for  6 

hours  in  Category  I  of  the  Physician's 

Recognition  Award  of  the  American 

Medical  Association. 

Contact:  AARC  at  (214)  243-2272  or  fax 

(214)484-2720. 


March  5-7, 1997 — Journees 
Internationales  de  Ventilation  a 
Domicile  (JIM)) 

6th  International  Conference  on  Home 
Mechanical  Ventilation,  sponsored  by  the 
AARC  and  JIVD,  in  Lyon.  France.  The 
official  languages  of  the  conference  are 
English  and  French;  simultaneous 
translation  will  be  provided.  Abstracts 
are  due  by  Dec.  15.  For  guidelines  on 
abstract  submissions  and  for  information 
about  the  conference,  contact  the 
Congress  Secretariat  at  JIVD,  Hopital  de 
la  Croix  Rousse,  Service  de  Reaniination 
Medicale  et  Assistance  Respiratoire, 
93  Grande  Rue  de  la  Croix  Rousse, 
693 17  Lyon  Cedex  04,  France, 
or  call  (33)  78  39  08  43.  fax 
(33)  78  39  58  63,  or  send  E-mail  to 
100732.3540@compuserve.com. 

OTHER  MEETINGS 

September  26-27— INFOCARE 

First  Annual  Neonatal/Pediatric 
Respiratory/Critical  Care  Symposium  at 
the  Sheraton  Beach  Resort  in  South 
Padre  Island,  Texas.  Contact: 
INFOCARE,  350  San  Roman  Rd,  Los 
Fresnos  TX  78566.  (210)  233-5645. 

October  4 — Saint  Joseph's  Hospital  of 
Atlanta 

1 3th  Annual  Respiratory  Care  Seminar  at 
the  hospital's  auditorium  in  Atlanta. 
Georgia.  Contact:  Sandra  Mann  (404) 
851-7185. 


Mark  Your  Calendars! 

Future  AARC  Conventions 

December  6-9,  1997 
New  Orleans,  Louisiana 

November  7-10, 1998 
Atlanta,  Georgia 
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I.    Type  of  Institution/Practice 

1 .  □  Hosp  500  or  more  beds 

2.  a  Hosp  300  to  499  beds 

3.  □  Hosp  200  to  299  beds 

4.  QHosp  100  to  199  beds 

5.  Q  Hosp  100  or  less  beds 

6.  □  Skilled  Nursing  Facility 

7.  Q  Home  Care  Practice 

8.  G  School 

II.  Department 

A.  Ll  Respiratory  Therapy 

B.  LI  Cardiopulmonary 

C.  LI  Anesthesia  Service 

D.  □  Emergency  Dept 

III.  Specialty 

1 .  □  Clinical  Practice 
2    LJ  Pennatal  Pediatrics 

3.  □  Critical  Care 

4.  J  Clinical  Research 

5.  3  Pulmonary  Function  Lab 

6.  D  Home  Care/Rehab 

7.  J  Education 

8    D  Management 
IV.Positlon 

A.  J  Dept  Head 

B,  □  Chief  Therapist 
C-  3  Supervisor 

D,  J  Staff  Technician 

E   J  Staff  Therapist 

F,   J  Educator 

G  J  IVIedical  Director 

H  J  Anesthesiologist 

I-    D  Pulmonologlst 

J,  LI  Other  MD 

K   J  Nurse 
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II.  Department 

A.  :j  Respiratory  Therapy 

B.  LI  Cardiopulmonary 

C.  -J  Anesthesia  Service 

D.  LI  Emergency  Dept 

III.  Specialty 

1.  LI  Clinical  Practice 

2.  LI  Perinatal  Pediatrics 

3.  LI  Critical  Care 

4.  LI  Clinical  Research 

5.  □  Pulmonary  Function  Lab 

6.  LI  Home  Care/Rehab 

7.  3  Education 

8.  LI  Management 
IV.Position 
A  J  Dept  Head 
B.  D  Chief  Therapist 
C  LI  Supervisor 

D.  LI  Staff  Technician 

E.  Q  Staff  Therapist 

F.  Q  Educator 
G  □  Medical  Director 
H  J  Anesthesiologist 
I-  U  Pulmonologist 
J.  J  Other  MD 
K  LI  Nurse 

V.  Are  you  a  member  of  the  AARC? 

1  J  Yes      2  J  No 
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more  tests  with  less  gas.  So  go  ahead.  Throttle 
up  and  accelerate  your  laboratory  into  the 
power  of  Vmax  performance.  Call  our  toll  free 
"Hot  Line"  at  1-800-231-2466,  extension  8558, 
or  send  us  a  fax  at  1-714-283-8439. 


^=  SensoRMGDics 

The  CardioPulmonarv  Care  Company" 
Circle  131  on  reader  service  card 


Authors 
in  This  Ise 

Acosta-Ausliiii,  l-riink.... 

Bankson.  Daniel  D 

Betil,  Peler 

Branson,  Richard  D 

Brown,  Richard 

Carstcns,  Donna 

Comroe  Jr,  Julius  II 

Covington,  Jack 

Davis  Jr,  Kenneth 

Eng,  William 

Circnicr,  Barry 

Haver,  Virginia  M 

Hussey,  John  Douglas ... 


NO  POSTAGE 
NECESSARY  IF 
MAILED  IN  THE 
UNITED  STATES 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL     PERMIT  NO.  439    RIVERTON.  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 

PO  BOX  11605 

RIVERTON    NJ    08076-7205 


I„.I..I.II...I...I.II..I...I..I.III....I.ImI.I.I 


Advertise] 
in  This  Isj 


Fisher  &  Paykel  Hcalthc 

Ciiclc  Reader  Service  No. 

HealthScan  Products  hu 

Circle  Keailer  Service  No, 

Norwalk  Hospital 

Circle  Reader  Service  No. 


NO  POSTAGE 
NECESSARY  IF 
MAILED  IN  THE 
UNITED  STATES 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL     PERMIT  NO.  439    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 


PO  BOX  11 
RIVERTON 


COPVRIIilll     INK)RM\II< 

Daedalus  hntcrpriscs  inc. 
express  written  pemiissioi 
Permission  to  photocopy  m 
poses  of  scientific  or  educ; 
witlioiil  pennlssidii.  i|iiote  i 
vided  the  ciiiolation  is  lor  n 
credited.  Longer  quotation 
publisher.  Single  reprints  ai 

commercial  use  nia\  he  p    _ 

information  and  prices  call  (214)  243-2272. 


I)ISCI„\IMKR.  The  opinions  expressed  in  any  article  or  editorial  are  those 
ol  ihe  .lulhor  and  do  not  necessarily  refiect  the  views  of  the  Kditors.  the 
American  Association  for  Respiratory  Care  (AARC).  or  Daedalus 
Enterprises  Inc.  Neither  are  the  Editors,  the  AARC  or  the  Puhlisher 
responsible  for  the  consequences  of  the  clinical  applications  or  use  of  an> 
methods  or  devices  described  in  any  article  or  advertisement. 

Subscription  RA'IK.s.  individual  subscription  rates  arc  %(i5  per  year  (12 
issues),  $\25  for  2  years,  and  $\H5  for  3  years  in  the  US  and  Puerto  Rico. 
Rates  are  $80  per  year.  $\55  for  2  years,  and  $230  for  3  years  in  all  other 
countries  (add  $84  per  year  for  air  mail ).  Single  copies  when  available  cost 
$.'i;  add  $7  for  air  mail  postage  to  overseas  countries.  Checks  should  be 


605 
NJ 


08076-7205 


l,,,l..l.ll...l...l.ll..l...l..l.lll....l.l..l.l. 


CHANGE  OK  ADDRI':SS.  Notify  Ri:sl'IRAl()RV  CaKI.  as  soon  as  possible  of 
any  change  in  address.  Note  the  subscription  number  (from  the  mailing 
label)  and  your  name,  old  address,  and  new  address.  Allow  6  weeks  for  the 
change.  To  avoid  charges  for  rejilacemenl  copies  of  missed  issues,  requests 
nuisi  he  made  wiihin  60  days  m  the  L'S  and  40  days  in  other  countries. 

MaM'SCRIFPS.  The  Journal  publishes  clinical  studies,  method/device 
ev  aluations,  reviews,  and  other  materials  related  to  cardiopulmonary  med- 
icine and  research.  Manuscripts  may  be  submitted  to  the  Editorial  Office. 
RtiSPIRATORY  CARl:,  110.30  Abies  Lane,  Dallas  TX  7.S229-4593. 
Instructions  for  authors  are  printed  in  every  issue.  An  expanded  version  of 
the  Instiiictions  is  available  from  the  editorial  otTice. 

Oi/n/vc'/i'  ©  IW6.  I>\  DdfiUilus  Enlerpriws  Inc. 


RESPIRATORY  CARE  •  SEPTEMBER  "96  VOL  41  NO  9 


■  r:S&f^  " 


With  this  classic  motorcycle,  you  can 
scream  down  the  highway  at  heart-racing 
speed.  It's  only  for  those  who  demand  power 
and  maximum  performance.  And  so  is  the 
Vmax  Series  from  SensorMedics. 

Vmax  performance  gives  you  the  power 
to  customize  your  diagnostic  system  to  your 
specific  application  needs. 

^  Pulmonary  Function  Analysis 

*-  Cardiopulmonary  Exercise  Testing 

*■  Respiratory  Mechanics 

*■  Nutritional  Assessment 


:.&    : 


Vmax  lets  you  combine  them  all  into  a  single 
instrument  or  into  separate  systems.  And  if  the 
road  you  travel  on  changes,  Vmax  flexibility 
secures  your  position  as  leader  of  the  pack  by 
adding  more  applications  later 

Best  of  all,  the  Vmax  Five  Year  Warranty 
and  Annual  Supply  Kit  make  your  operating 
expenses  predictable.  Simply  put,  you'll  do 
more  tests  with  less  gas.  So  go  ahead.  Throttle 
up  and  accelerate  your  laboratory  into  the 
powerofVmax  performance.  Call  our  toll  free 
"Hot  Line"  at  1-800-231-2466,  extension  8558, 
or  send  us  a  fax  at  1-714-283-8439. 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


NEW,  Advanced  ASPIR-PULSE    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pu/sauon  techniques 


ITM 


NEW,  Purge  Guard' 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  On^Handed  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte 

Precision  Heparin 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


See  your  Sherwood  Medical  O.R/Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPXR-Pulse   Arterial  Blood  Gas  Kits. 
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